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BURIED WITHIN THE ABBEY WALLS: 
 
PALEOPATHOLOGICAL EXAMINATION OF LEPROSY  
 
FREQUENCIES OF A RURAL MONASTIC POPULATION IN  
 
MEDIEVAL DENMARK 
 
KIRSTEN SAIGE KELMELIS 
ABSTRACT 
In paleopathology, few other diseases have received more attention than 
leprosy and studies of skeletal remains from medieval Denmark have primarily 
focused on urban and leprosarium cemeteries in order to construct diagnostic 
criteria and disease frequencies of past communities.  This project presents data 
from the rural monastic site of Øm Kloster in the Central Jutland region of 
Denmark in order to establish disease frequencies between demographic 
subgroups and general disease prevalence in a regionally representative site.  
With a sample of 311 adult individuals, cranial and postcranial diagnostic 
criteria were utilized in order to determine the presence or absence of leprosy on 
individual skeletons.  Each individual was analyzed and categorized by sex, age 
group, and social status based on burial location and this data was used to yield 
results on the demographic makeup of the sample and disease frequencies.  
Lastly, chi-square tests of independence were conducted to determine if there 
were statistically significant relationships between sex, age, social status, and 
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leprosy.  The results indicated that there were no statically strong relationships 
between these variables; however, it was evident that disease prevalence did 
increase with age and that there were significantly more males and lay people 
with leprotic lesions than females and high status individuals.  The results 
suggested that each individual had most likely carried the bacterium, but that 
there were no significant numbers of individuals affected at any one time.  Lastly, 
the results from the Øm Kloster analysis were compared to those of the rural 
village cemetery at Tirup and were found to be compatible. 
 Ultimately, this study reflects that disease may have been much more 
prevalent than was osteologically visible and that this rural community illustrated 
comparable data with other regional sites.  This study shows that lesion 
frequencies do present evidence to determine general disease prevalence in past 
populations and to gain data on the overall health of a regionally representative, 
non-leprosarium cemetery site. 
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Chapter 1: INTRODUCTION 
The history of infectious disease is intertwined with the history of human 
civilization and it is evident that the manner in which illnesses are dealt with has 
shaped societal and cultural values.  It is this relationship between human 
behavior and disease that serves as a principle focus of the discipline of 
paleopathology.  Paleopathology encompasses the study of disease, both human 
and non-human, in antiquity using a variety of different sources including human 
mummified and skeletal remains, ancient documents, illustrations from early 
books, paintings, and sculpture from the past and analysis of coprolites (Ortner 
2003).  
In paleopathology, few other diseases have received more attention than 
leprosy.  Historically, leprosy was well recognized both by the medical profession 
and by the public earlier than virtually any other infectious disease and the fear of 
the biological manifestations and social repercussions the disease caused societies 
to construct a stigma against those who were unfortunate enough to have 
contracted leprosy (Boldsen 2007; Segal 2001).  According to medieval sources, 
those who suffered from leprosy were treated most harshly in continental Europe 
and it was not uncommon for communities to construct rules and regulations in 
order to segregate the infected from the healthy.  However, it would appear that 
there was more merciful treatment in Scandinavia where leprosarium and 
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monasteries would often provide care and shelter for the infirm (Cule 2002; 
Richards 1977).  It is possible because of this stigma that the clinical diagnosis, 
definition of symptoms, and various medical treatments have been so well 
documented temporally and geographically.  However, there had been very little 
documentation on the skeletal changes associated with leprosy and this was not 
addressed until the twentieth century with the pioneering research of Vilhelm 
Møller-Christensen (1952, 1953, 1961, and 1967).  
Leprosy, clinically known as Hansen’s disease, is a chronic, infectious 
disease whose long history in human populations has developed a stigmatizing 
condition that leads to ostracism and isolation, even in burial practices (Roberts 
2002).  This history and fearful fascination with the disease has resulted in the 
development of a copious amount of historical documents, literature, medical 
research, and art portraying the physical signs of leprosy and the societal stigma it 
produced (Andersen 1969).  Furthermore, modern research on the biology and 
epidemiology of the disease has prompted an abundant amount of clinical and 
bioarchaeological publications, scholarly journals, and research societies which 
are actively involved in understanding the clinical and sociocultural issues 
surrounding leprosy (Boldsen 2007; Roberts et al. 2002; Robertson 2002; 
University of Bradford 2013; World Health Organization 2012).  Since the 
publication of Vilhelm Møller-Christensen’s Ten lepers from Næstved in 
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Denmark: a study of skeletons from a medieval Danish leper hospital (1953), 
there has been a substantial amount of bioarchaeological and paleopathological 
research conducted on the skeletal biology of leprosy infected past populations 
(Andersen 1969; Andersen and Manchester 1987, 1992; Antunes-Ferreira, Matos, 
and Santos 2013; Blau and Yagodin 2005; Boldsen 2001, 2005a, 2005b, 2007, 
2008, 2013; Boldsen and Freund 2006; Boldsen and Mollerup 2006; Brothwell 
1958; Crane-Kramer 2000; Donoghue et al. 2002; Farley and Manchester 1989; 
Lechat 2002; Lunt 2011; Magilton and Lee 1989; Manchester 1981, 1984, 1991, 
2002, 2011; Manchester and Roberts 1989; Møller-Christensen 1961, 1962, 1967; 
Molto 2002; Murphy and Manchester 2002; Ortner 2002; Pálfi 2002; Roberts 
2002; Segal 2001; Spigelman and Donoghue 2002; Strouhal 2002; Vuorinen 
2002; Wells 1962, 1967; Zias 1985, 1988, 2002).  This research has shown that 
the cultural stigma of leprosy promoted differential treatment of individuals who 
had the disease and the establishment of leprosaria further prompted differential 
burial treatment.  
The most extensively examined cases of ancient leprosy and excavations 
of leprosaria are from Denmark during the Middle Ages.  There are over forty 
documented leprosy hospitals dated to A.D. 1250-1550 and, since the 1900’s, 
thirty one of these excavated institutions have provided significant insight to the 
pathological modifications of leprosy in the human skeleton (Bennike 2002; 
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Møller-Christensen 1953, 1961).  Of these sites, the ones that have provided the 
most data on the bioarchaeology and paleopathology of leprosy are Næstved, 
Svendborg, and Odense/St. Jørgensgård (Boldsen 2001; Boldsen 2005a; Boldsen 
2005b; Boldsen 2007; Boldsen and Mollerup 2006; Møller-Christensen 1953 and 
1961; Segal 2001).  These urban and leprosarium cemeteries have been used 
extensively to establish skeletal criteria for leprosy diagnosis and construct 
paleodemographic profiles of these communities that dealt with infectious 
disease.  It was customary for a leprosarium to be placed just outside of the 
medieval towns and cities and both the Næstved and Odense leprosarium were 
established legally outside of the cities limits.  While there is extensive research 
on urban cemeteries, there has been limited osteological research conducted on 
rural and monastic cemeteries with possible leprotic skeletons.  
The current study involved the examination of leprosy at the Danish rural, 
monastic site of Øm Kloster using skeletal analysis of demographic subgroups 
within the population in order to project the frequency of leprosy from a 
regionally representative site.  While diagnosis has been a primary interest in 
previous research, the purpose of the current project was to assess if the sex, age, 
and social status of the individual affects the presence of infection in skeletal 
remains and if there are significant differences between groups of sex, age, and 
social status in the skeletal sample.  
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The Bioarchaeological Setting 
 Denmark has been an exceptional source of medieval assemblages for the 
paleopathological examination of leprosy and thus has an abundance of 
comparative material for further epidemiological analyses.  In medieval Denmark 
(A.D. 1050-1536), leprosy was a prevalent infectious disease that affected both 
rural and urban communities (Figure 1).  In general, the frequencies of leprosy 
were believed to be higher in rural than urban communities; however, recent 
analysis in the medieval city of Schleswig indicated that leprosy was significantly 
more prevalent in cities than in rural towns (Boldsen 2007; Boldsen et al. 2013).  
From both urban and rural cemeteries there is evidence for a decline in the 
frequency of leprosy during the late Middle Ages and this has been most evident 
in studies from Odense
1
 and Malmö
2
.  Of the communities analyzed for leprosy, 
Tirup is the only rural village cemetery to provide data facilitating a temporal 
analysis of the frequencies of leprosy in the peninsula region of Jutland; however, 
specific frequencies by age groups, sex, and status have not yet been determined.  
The results of paleopathological and mortality analyses suggest that while 20-30% 
of the adult population at Tirup appears to have had clinical manifestations of 
                                                          
1
 Odense contains five sites that have been extensively examined for frequency in leprosy: 
Odense Gray Friars, Odense St. Albani, Odense Black Friars, Odense St. Knud, and St. Jørgensgård 
leprosarium (Boldsen 2007). 
2
  Malmö was in the Middle Ages situated in the middle of Denmark, but following the wars 
between Denmark and Sweden in the 17
th
 and 18
th
 centuries and it became fully Swedish.  It is 
associated with the leprosarium of St. Jørgen (Boldsen 2007). 
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leprosy, nearly the entire population may have been infected (Boldsen 2001).  
This analysis is unique as the majority of bioarchaeological and paleopathological 
has focused on urban and leprosarium cemeteries on the provinces of Funen and 
Jutland
3
.   
 
 
Figure 1: Map of Medieval Denmark with leprosarium and key (Arentoft 1999) 
                                                          
3 The main provinces of Denmark are Jutland (Jylland), Funen (Fyn), and Zealand (Sjælland). 
Refshale is a site situated on the island Lolland, just south of Zealand and is a partly excavated 
village site yielding some 200 skeletons from a village consisting of only four farms with many 
individuals displaying signs of having leprosy (Boldsen 2005b).  
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Figure 2: Sites in Jutland, Denmark (Gregersen and Jensen 2003:166) 
For the current study, the skeletal assemblage from the rural monastic 
cemetery of Øm Kloster in Central Jutland was analyzed for frequencies of 
leprosy in the adult population (Figure 2).  The monastery is located on the 
northern shore of Mossø in the central portion of Jutland and the buildings have 
been dated from A.D. 1246 to about 1500.  The founding and construction of the 
monastery was recorded in Exordium Carae Insula and this chronicle illustrates 
how the abbey has played a significant role in Danish culture and history.  The 
abbey was founded in A.D. 1172 by a group of Cistercian monks from the 
monastery Vitskøl in northern Jutland, who after several failed attempts to erect 
monasteries in various places finally settled at Øm because of its geographic 
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location promoting flowing water to the monastery (Gregersen and Jensen 2003).  
Several buildings were erected including chapels, dormitories, and a hospital 
which functioned as a hostel for pilgrims and for wealthy persons to retire at the 
monastery (Figure 3).  The residents at the abbey included monks and nuns who 
had taken monastic vows, as well as laybrothers who functioned as manual labor 
and paying pensioners who chose to spend their last years within the cloister 
walls.   
The skeletal assemblage in this cemetery included the abbey residents and 
parishioners from neighboring communities, as well as benefactors including the 
Bishop Peder Elafsen of Aarhus who was buried at the abbey in A.D. 1246 and 
whose skeleton can be seen on display in the ruin park at the Øm Kloster 
Museum.  After the Protestant Reformation, the abbey was transformed into a 
Protestant Priest College and in A.D. 1536 King Frederick II denied the monks 
requests to accept novices, thereby forcing the community to die out; he would 
later take over the property and use it as a hunting lodge in 1560, only to abandon 
it and demolish portions of the buildings to erect the church at Skanderborg Castle 
in 1561 (Gregersen and Jensen 2003).  A museum was constructed at Øm Kloster 
and has been functional since 1924.  It consists of a 2-acre ruin park with five 
visible graves from the medieval period, museum exhibition hall, convent garden, 
and brewer garden (Skanderborg Museum 2013).  Extensive archaeological 
9 
 
excavations, historical research, and bioarchaeological examinations have 
indicated that there were individuals who suffered from leprosy at Øm Kloster 
and that further osteological evaluations would specify the frequency of the 
disease in the rural monastic community (Gregersen and Jensen 2003; Mollerup 
2014, personal communication).   
 
Figure 3: Rendering of Øm Kloster abbey circa 1500 A.D. (Øm Kloster Museum 
2013) 
 The sample for this study was collected from the facilities at ADBOU 
(Anthropological Database Odense University) and from the Øm Kloster Museum 
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at Skanderborg and was dated from A.D. 1172 to 1560 based on archaeological 
and documentary data and arm positions following the scheme of Jantzen et al. 
(1994).  Due to the clearly defined opening and closing dates for the death 
assemblage at Øm Kloster, well documented history and excavations, regional 
location of the site, and indications of leprosy from documentation and 
archaeological excavation, the collections from Øm Kloster were selected for this 
analysis.  In addition, there is a clear social stratigraphy of the graves as those 
found within the church and in the cloister walks belonged to the higher status 
individuals and the majority of the graves situated north of the church were those 
of local lay persons. 
Objectives 
 The primary goal of this study was to document the disease manifestation 
of leprosy exhibited in the skeletal collection from Øm Kloster in Central Jutland.  
The data from this study will expand the knowledge of the frequency of leprosy in 
medieval Danish rural populations within a specific geographic region with 
respect to demographic composition, prevalence of disease, and general health.  
Through the use of anthropological and paleopathological methods, the following 
objectives will be accomplished: 
1. Determine the demographic composition of the adult skeletal 
sample. 
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Age- Of the adult population within the sample, there is an expected 
significant relationship between the frequency of leprotic lesions and 
young adults, middle aged adults, and older adults.  Specifically, it is 
expected that there will be significantly more bony lesions as age 
increases.  Reasons for this include: (1) the long incubation period for 
this disease, (2) disease manifestation usually occurs later in life, and 
(3) most individuals did not live into old age due to disease, poor 
general health, stresses from labor, violence, etc. The expected 
distribution will be with the highest frequency in adults of advanced 
age. 
Sex- There has been extensive epidemiological and clinical studies on 
the relative prevalence of leprosy between men and women with 
mixed results.  Variations in prevalence rates may be due to 
differential autoimmunity based on sex hormones, frailty, or diversity 
of populations in terms of risk of exposure.  However, it is expected 
that almost all of the individuals were exposed to the disease although 
they may not have developed symptoms due to cultural and biological 
variation.  It is expected that the frequency of leprosy will be 
comparable between men and women. 
Status- Øm Kloster is an exceptional site to examine differential 
frequencies of disease in social status groups.  The burial locations of 
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lay persons and monks and beneficiaries of the monastery have been 
well documented in historical accounts and archaeological reports.  
Using this data, it is expected that there will be a significant difference 
in the frequency of leprosy in lay persons and monks/beneficiaries.  
Cistercian monks lived a sequestered life in the abbey and were only 
exposed to outside diseases on an infrequent basis. Similarly, 
beneficiaries that were buried within the abbey were less exposed to 
disease due to their elevated status in society and they had less 
physical stress which would have increased their susceptibility to 
disease.  Lay persons are expected to have had an elevated risk due to 
higher exposure to various diseases, higher frailty from a labor 
intensive agrarian lifestyle, and generally poorer health and nutrition.  
In theory, every individual would have been infected during 
childhood; however, this analysis will determine if social status may 
be correlated with bony signs of infection.  Therefore, it is expected 
that there will be a higher frequency of leprosy in lay persons than 
those designated at a high status.  
2. Determine the frequency of individuals who exhibit lesions 
consistent with leprosy by examining pathological modifications to 
cranial and postcranial elements. 
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In order to determine the frequency of leprosy in a population, there 
has to be set criteria for what constitutes as diagnosis of leprosy.  
Previous research by Vilhelm Møller-Christensen (1961) and 
Andersen and Manchester (1992) have defined the cranial and 
postcranial bony changes associated with leprosy used for diagnosis.  
The changes of rhinomaxillary syndrome are typically associated with 
lepromatous leprosy and are found in individuals with advanced 
infection and postcranial changes quite often have a differential 
diagnosis.  Therefore, the challenge is in determining the number of 
lesions to use as diagnostic criteria and the level of severity to be 
considered as infectious.  Boldsen’s epidemiological approach to 
leprosy diagnosis considers seven lesions of the cranial and postcranial 
skeleton for determination of leprosy using the Lambda program 
(Boldsen 2001).  This method selects specific changes in the skeleton 
associated with leprosy to make a diagnosis and, while this method 
works very well on complete skeletons with numerous lesions, it is 
more difficult to use on incomplete skeletons with fewer, more 
ambiguous lesions.  For the purpose of this analysis, a combined 
approach will be taken to consider the lesions described by Møller-
Christensen (1961) and Andersen and Manchester (1992) and integrate 
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the diagnostic criteria of Boldsen (2001) in order to determine if an 
individual was leprotic.   
3. Determine whether a correlation exists between demographically 
designated groups (age, sex, and status) and bony manifestations 
attributed to leprosy. 
The frequency of leprosy in rural, non-leprosaria cemeteries has been 
estimated to be anywhere from 10-45% based on paleopathological 
diagnosis of bony lesions at Tirup and other examined sites (Boldsen 
2005a).  While this research has made important correlations between 
the signs of leprosy and mortality, there have been few published 
findings on the frequencies of disease between age groups, sex, and 
status (Boldsen 2008).  Øm Kloster is a unique site in that frequencies 
of leprosy can be determined in demographic subgroups based on age, 
sex, and status due to the level of preservation of the remains and 
detailed excavations of burial locations.  It is expected that there will 
be significant relationships between demographically designated 
groups and the frequency of bony lesions associated with leprosy.  
These results will be used to project a regionally representative 
demographic profile of disease frequencies. 
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4. Compare the results of this analysis to another regionally 
representative site in order to ascertain consistencies in disease 
frequencies. 
The results of this analysis will portray the frequency of leprosy in a 
regionally representative site of rural medieval Denmark. In order to 
ascertain the relative prevalence of leprosy for Central Jutland, the 
results will be compared to those of similar rural sites in Scandinavia 
dating to the same period.  For the purposes of this examination, the 
Tirup site will be used as a comparison. 
Significance 
 Paleopathology has evolved from a discipline that focused on observing 
and recording individual cases of disease to the interpretation of abnormal bone 
morphologies in populations.  This problem-oriented approach to disease 
interpretation within a specific geographic and temporal population lends for a 
more detailed and complete view on health in past populations, at least as a 
response to the methodological questions raised by Wood et al. (1992).  
Furthermore, the integration of other disciplines such as archaeology, 
bioarchaeology, and history results in more information beyond describing bony 
lesions (Segal 2001).  While there has been extensive research on urban Danish 
leprosy sites, the systematic study of the rural, monastic population at Øm Kloster 
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will present a unique opportunity to understand the frequency of leprosy of 
individuals of differing ages, sex, and status in medieval Central Jutland.  The 
integrative methods of analyzing cranial and postcranial lesions will provide a 
more comprehensive diagnosis of leprosy in individuals and result in a more 
accurate projection of disease frequencies. Furthermore, this research will provide 
information not yet discussed in the literature on medieval Danish leprosy.  
Synopsis by Chapter 
 As leprosy is a long lived and prevalent disease, there is an enormous 
amount of literature on the medical, historical, and archaeological research.  Even 
to a specialist, the sheer abundance of clinical, historical, and paleopathological 
data can be overwhelming and the intent of this section is to provide an overview 
of the material contained in each chapter of this thesis. 
Chapter Two (Previous Research) presents an overview of the biological, 
epidemiological, bioarchaeological, and paleopathological examination of 
leprosy.  The method of transmission and clinical manifestations are discussed 
with reference to the types of leprosy observed in medical research.  Bone 
changes in leprosy in the cranial and postcranial skeleton are described as a 
method of diagnosis in archaeological specimens.  The current status of leprosy is 
discussed with respect to recent molecular, clinical, and paleopathological studies.  
The bioarchaeological and paleopathological research up until this point is 
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presented to provide a foundation for this analysis.  This section also includes a 
discussion of the research conducted on medieval leprosy sites in Denmark and 
the lack of research done on rural medieval sites.  
Chapter Three (Skeletal Sample and Methods) discusses the selection and 
background of the skeletal sample from Øm Kloster and the paleopathological 
methods used to determine the presence and frequency of disease.  This section 
explains the methods used to determine the sample size and composition along 
with methods used to determine sex, age, and social status.  The paleopathological 
examination of cranial and postcranial lesions and how to calculate the probability 
of leprosy in the sample is also discussed.  
Chapter Four (Results) presents the results of the above analyses.  The sex, 
age and status distribution for the sample is offered.  There is a discussion of the 
diagnosis and distribution of leprotic lesions in the population and presents the 
results for frequencies within each demographic subgroup.  
Chapter Five (Discussion) is concerned with a detailed discussion of the 
osteological evidence and the significance of the findings from the 
paleopathological analysis.  This discussion will elaborate on the evidence or lack 
thereof of differential susceptibility to disease between sexes, age groups, and 
status groups and the problematic nature of interpreting lesions in archaeological 
samples.  The results will be compared to another regionally representative site 
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from the same time period in order to examine the frequency of leprosy on a 
regional scale.  On the basis of this examination and to those conducted on similar 
sites, it is concluded that the frequency of leprosy at Øm Kloster was relatively 
low with relation to other Danish leprosy sites and that while all may have carried 
the bacterium, there was never at one time a high frequency of individuals 
affected.  
Chapter Six (Conclusion) provides a synthesis of the conclusions offered 
in the previous chapter.  There is discussion of the strengths and weaknesses of 
this research and future research considerations.  This chapter provides a 
summation of this research.  
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Chapter 2: PREVIOUS RESEARCH 
Biology and Epidemiology 
 
Leprosy is a chronic infectious disease that is caused by skin and mucous 
membrane exposure to an acid-fast bacteria (AFB) identified as Mycobacterium 
leprae (Hansen 1874).  This bacterial disease was first discovered by Norwegian 
epidemiologist and microbiologist, Gerhard Armauer Hansen, in 1973 during an 
era of evolving scientific methods (Irgens 1984).  The mode of transmission of M. 
leprae between human hosts is uncertain, although it may be both through skin 
contact with an infected individual or through exhaled droplets containing the 
bacteria with profuse nasal infection (Job et al. 2008; Roberts and Manchester 
2007).  While the bacterium mainly infects human hosts, leprosy can naturally 
manifest in nine-banded armadillos (Dasypus novemcintus) (Job 2003).  
Polymerase chain reaction (PCR) tests conducted on these species have 
significantly contributed to paleopathological research due to the ability to detect 
trace amounts of M. leprae DNA and thereby being able to identify the disease in 
skeletal specimens (Damann 2000).  Classified in the same genus as 
Mycobacterium tuberculosis and Mycobacterium bovis, M. leprae multiplies 
slowly within human hosts and may take several decades to develop symptoms; 
microbial examination shows that while it may take 12-14 days to generate, 
symptoms may not appear until after an incubation period of several years 
20 
 
(Suzuki et al. 2012).  This interval between infection, symptom diagnosis, and 
variation of initial manifestations can be affected by factors such as environment, 
population density, nutrition, method of transmission, immunological status of the 
patient, as well as the sex and age of the individual (Aufderheide and Rodríguez-
Martín 1998; Ortner 2002 and 2003).  Typically, the bacterium is transmitted 
during childhood and has a long incubation period resulting in late symptom 
development and diagnosis.  Furthermore, symptom development is determined 
by the individual’s immunological response to the infection with M. leprae, 
suggesting that individuals exposed to the bacterium may not react though they 
may carry it and expose it to others; however, it is individuals with advanced 
stages that are more responsible for spreading the bacterium outside the 
household frame (Stanford and Stanford 2002).  
Leprosy Manifestations 
Leprosy usually affects the dermis of the skin and peripheral nerves, but 
has a wide range of clinical manifestations and as the bacteria progresses it can 
cause permanent damage if left without treatment.  Upon infection, the host 
typically mounts two reactions: an innate nonspecific and an acquired specific 
response (Segal 2001).  The innate nonspecific response involves activation of the 
immune system and physical responses involve secretory and mechanical barriers, 
bactericidal properties of body fluids, and phagocytic cellular activity.  Acquired 
specific immune response involves cellular recognition of the pathogen through 
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memory T-cells and synthesizes an antibody (immunoglobin) specific to M. 
leprae.  Individuals with a healthy immune response have histiocytes (tissue-
macrophages) in the dermis and Schwann cells of peripheral nerves that ingest the 
bacteria and limit the spread of the disease.  However, those with impaired 
immunity do not have histiocytes that can successfully contain the bacteria (Segal 
200l; Suzuki et al. 2012).  Leprosy is primarily a disease of the peripheral nerve 
system and the first symptoms are typically the loss of sensory function and 
depigmentation followed by skin rashes and nodules (Yawalkar 2002).  Infection 
mainly affects skin, mucous membranes, soft tissues and nerves of the peripheral 
and sensory extremities, which leads to loss of perception in these areas and can 
induce secondary infection.  There are two clinical forms of leprosy: 
paucibacillary or tuberculiod (less than five skin lesions) and multibacillary or 
lepromatous (more than 5 skin lesions) (World Health Organization 2012).  
Clinical pathologists employ the Ridley-Jopling classification system to produce 
six categories to assign to dermatological, neurological, and histopathological 
findings: indeterminate (I), tuberculoid (TT), borderline tuberculoid (BT), mid-
borderline (BB), borderline lepromatous (BL), and lepromatous (LL) (Suzuki et 
al. 2012). 
Tuberculoid Leprosy 
 Tuberculoid leprosy is named for the characteristic microscopic structure 
of the organism and individuals with the tuberculoid form (TT) have a vigorous 
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immune response to the leprosy bacilli, which destroys most invading 
microorganisms (Suzuki et al. 2012).  Clinical manifestations of the tuberculoid 
form of leprosy occur when the bacilli affect the host’s nerve trunks, causing them 
to thicken and disrupt the transmission of afferent sensory information from the 
skin, which leads to the ultimate loss of tactile sensation.  Symptoms resulting 
from this form include nodules or tubercles on the skin in peripheral regions, 
well-defined hypopigmented or hyperpigmented skin lesions, loss of sensation, 
and in extreme circumstances paralysis and deformation.  
Indeterminate and Borderline forms of Leprosy 
 Intermediate gradations between the tuberculoid and lepromatous forms of 
leprosy are known as indeterminate (I) or borderline (BT, BB, BL) manifestations 
and they tend to be only differentiated in living populations based on skin and 
peripheral nerve findings (Suzuki et al. 2012).  Individuals with borderline forms 
of leprosy tend to manifest skin lesions and skeletal changes due to an instable 
ability to resist the microorganism, thereby resulting in milder forms of either 
tuberculoid or lepromatous leprosy.  The indeterminate manifestation is the 
mildest form and is typically only represented by small hypopigmented areas of 
skin and lesions with impaired sensation.  
Lepromatous Leprosy 
 Lepromatous leprosy is the most severe form of leprosy due to level of 
damage the bacilli has on the skin, peripheral nervous system, and skeletal system 
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of the host (Manchester 2011; Suzuki et al. 2012).  Individuals with lepromatous 
leprosy are incapable of resisting the microorganism and the bacilli multiply at a 
higher rate resulting in more extreme manifestations and burden on the host.  Like 
other forms of leprosy, the mycobacterium affects the sensory information on the 
peripheral nerve; in addition to these manifestations, lepromatous leprosy can 
spread to other regions and organs of the body resulting in cutaneous lesions and 
bone changes (Manchester 2011).  Of the various forms of the disease, 
lepromatous leprosy is the most detrimental to the skeletal system.  
Bone Changes in Leprosy 
Bony changes in leprosy are resultant of direct involvement of the 
bacterium with the bone and from secondary infection, both of which ultimately 
lead to bone destruction.  Distinguishing between primary and secondary 
infection is problematic and this is particularly challenging with archaeological 
specimens, as the temporal component of determining primary from secondary 
infections is lost.  M. leprae affects bone by extension of skin or mucosal 
lepromas or hematogenously, while secondary infections are usually from direct 
extension of infected soft tissue (Ortner 2003).  
Observable skeletal modifications are resultant of three different 
pathogenetic mechanisms: lepromatous osteomyelitis and periostitis, neurotrophic 
bone and joint lesions, and ordinary osteomyelitis and septic arthritis due to 
secondary infection (Manchester 2011).  Lepromatous osteomyelitis is uncommon 
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and typically takes decades to develop on the small bones of the extremities and 
periostitis is also limited in bone reformation.  Neurotrophic bone and joint 
lesions are the result of degeneration of muscle action and is linked to concentric 
atrophy of the diaphyseal bone of the hands and feet.  Concentric atrophy is a 
process that involves bone remodeling of the cortex resulting in a gradual loss of 
diaphyseal diameter, which can continue until the bone fractures and ensuing 
remodeling develops a tear shaped profile.  Bone changes in leprosy result 
primarily from the lepromatous form and manifest in the cranium, dentition, and 
postcranial skeleton.  
Cranial Changes 
Bone lesions that indicate leprosy are manifestations of a syndrome 
referred to originally by Vilhelm Møller-Christensen as facies leprosa and these 
classically refer to the facial lesions which affect the cranium (Møller-Christensen 
1953 and 1961).  This term was later adjusted to “rhinomaxillary syndrome” in 
order to fit paleopathological research (Figure 5) (Andersen and Manchester 
1992).  Rhinomaxillary syndrome is the characteristic pathological modifications 
of the skull and includes the disappearance of the anterior nasal spine, rounding 
and widening of the nasal aperture, partial resorption of the of the premaxillary 
alveolar process, loss of the upper incisors, pitting to the hard palate and nasal 
septum, and pitting in the orbit (usura orbitae) (Boldsen and Freund 2006; 
Manchester 2011).  It is important to note that rhinomaxillary syndrome is only 
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indicative of the lepromatous form of leprosy and such a distinction is not 
possible in the postcranial skeleton. 
 
Figure 4: Areas affected by rhinomaxillary syndrome (Crane-Kramer 
2000:226) 
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Figure 5: Skull with rhinomaxillary syndrome from Øm Kloster Museum 
(taken by author) 
 
Atrophy of the anterior nasal spine has been observed pre- and 
postmortem and this trait results from osteolytic destruction of the nasal spine, 
sometimes extending to the lateral edge of the bony nasal aperture, making it 
appear rounded.  The rounding of the nasal aperture along with atrophy of the 
anterior nasal spine is unique to leprosy and, while variation exists with individual 
nasal types, the rounding of the margin must be considered in the context of the 
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anterior nasal spine destruction to avoid misdiagnosing normal variation as 
disease (Segal 2001).  Resorption and atrophy of the premaxillary alveolar region 
is another feature of rhinomaxillary syndrome and this is characterized as 
osteolytic recession that begins at the prosthion and continues until the central 
incisors are loosened and often lost.  The alveolar absorption and incisive tooth 
loss are characteristic of this trait and this pathology is specific to leprosy.  The 
hard palate and nasal septum are also affected in this associated region due to the 
spread of the bacilli in soft tissue areas, cooler temperatures, and masticatory 
stress (Segal 2001).  The pitting in the roof of the orbit was termed by Møller-
Christensen as usura orbitae and this refers to the bilateral and symmetrical 
“thimble-bottom shaped” neoplasms located near the lacrimal gland (1961).  Also 
referred to as cribra orbitalia, this pathological change is not unique to leprosy 
and is caused by such factors as insufficient nutrition and chronic inflammation of 
lacrimal gland (see Walker et al. 2009 for a review) (Figure 6).  While this trait is 
often observed in medieval archaeological populations suggestive of leprosy, it 
will not be used as a determinant of diagnosis.  
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Figure 6: Leprotic cranium with cribra orbitalia (taken by the author) 
Dental Changes 
In dentition, victims typically lose their frontal incisors and, if the disease 
occurs during dental development, the individual may contract a condition called 
leprogenic odontodysplasia in which the dental roots do not fully develop 
(Manchester 2011; Møller-Christensen 1961; Ortner 2003).  This condition results 
when there is concentric constriction around the tooth root followed by arrested 
tooth growth, particularly in the maxillary incisors (Figure 7).  Evidence indicates 
that leprosy affects dentition during development and in adult dentition and 
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radiological examination of affect teeth shows that there is constriction and 
irregular pulp cavity (Manchester 2011; Segal 2001).  
 
Figure 7: Radiograph of leprogenic odontodysplasia of a child with 
leprosy from Næstved (Ortner 2003:271; Møller-Christensen 1961) 
 
Postcranial Changes 
Changes in the postcranial skeleton are resultant from both chronic 
infection of soft tissue and bone from M. leprae and from a secondary infection in 
adjacent skin, muscles, and bones.  In the postcranial skeleton, destruction to the 
phalanges, metacarpals and metatarsals are extensive and can result in tapering of 
the phalanges, severe resorption, and granulomatous bone lesions (Andersen and 
Manchester 1987).  In the upper limb, muscles associated with the hand are 
affected making fine motor movements difficult and fibrous tissue build-up may 
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occur from disuse of these muscles, resulting in deformation of the hand called 
“claw hand” (Figure 8).  Due to the length of time it takes for these changes to 
occur, infected individuals may continue to use their hands leading to inadvertent 
self-injury and probable secondary infection.  Similar to the upper limb, soft 
tissue associated with the feet, tibia, and fibula are affected by loss of sensory 
information resulting in misuse and perpetuated secondary infection.  
 
Figure 8: “Claw hand” or leprotic changes to the upper limb (Ortner 
2003:268; Møller-Christensen 1961) 
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Bony changes in the carpals and tarsals typically are pronounced due to 
secondary infection and lower limb lesions are more severe because of weight 
bearing activities and due to the fact that the patient is more likely to leave lesions 
that are not directly visible untreated while those that are visible receive more 
care (Boldsen 2014, personal communication).  Decalcification and absorption in 
the toes and fingers commonly follows denervation and atrophy of the soft tissue 
and is most noticeable in the distal phalanges.  The diaphysis of the distal phalanx 
begins to thin and may take on a “collar button appearance”; this trait is also 
observed in the proximal or middle row of phalanges and may resemble more of 
an hourglass shape (Segal 2001).  Destruction of the interphalangeal joints in the 
hands and feet are also observed and are characterized by cortical bone absorption 
and enlarged nutrient foramina (Andersen and Manchester 1987).  Bony 
absorption of the metacarpals and metatarsals has also been associated with 
leprosy and differences in severity are related to weight bearing activities (Figure 
9). 
Skeletal involvement is generally thought to affect roughly 5% of 
individuals with leprosy, although several archaeological and clinical studies have 
shown that frequency of skeletal manifestations can be anywhere from this to 
70% (Jopling 1989; Møller-Christensen 1953 and 1961; Ortner 2003; Segal 
2001).  Archaeological samples present many challenges when trying to 
determine demographic profiles of disease and the frequency of leprosy is 
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Figure 9: Remodeling of metatarsals and phalanges from leprotic infection 
(taken by author) 
 
Periostitis and subperiosteal bony deposition can occur throughout the 
skeleton, but is most common in the tibia and fibula due to spreading chronic 
infection and perpetuated activity resulting in secondary infection of the lower leg 
bones (Figure 10) (Boldsen 2001, 2005a; Ortner 2003).  These bony changes 
appear radiographically as a thickening of the periosteal surface and 
osteologically as fine longitudinal striations resulting from inflammatory reactions 
of gross ulcerations of the foot.  This periosteal reaction is quite commonly found 
in leprosy and other bacterial diseases and should not be considered alone to 
determine a diagnosis of leprosy.   
Summary of Leprosy Skeletal Traits 
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Figure 10: Bony changes to the distal tibia and fibula (Ortner 2003:271) 
often difficult to determine in a sample that has been disturbed or severely 
damaged by poor archaeological recovery, looting, construction and alterations by 
human activities, and taphonomic processes (Roberts and Manchester 2007).   In 
summary, assessing the presence of leprosy in skeletal samples is reliant on the 
degree of bony changes in the cranial and postcranial skeleton collectively and 
also on the degree of preservation and completeness of each set of remains being 
examined. However, it is necessary to bear in mind that an osteological study of 
34 
 
leprosy frequencies is a study of a death assemblage, and lesion frequencies 
cannot be assumed to be the same in the living and the dead sufferers, as those 
who died with or from leprosy must have been more severely ill than those who 
lived with the disease (Wood et al. 1992). 
The rhinomaxillary changes of the cranial bones are considered to be the 
most accurate markers for leprosy in archaeological samples as postcranial 
changes can often be misdiagnosed as other diseases or trauma (Cook 2002).  The 
reason for this is that there is an expectation that due to the presence of a 
leprosarium in a community one would expect to see relatively more people with 
only postcranial lesions in non-leprosarium cemeteries as the criteria for reference 
to the leprosarium was nearly exclusively facial; therefore, it is likely that disease 
frequency may have been underestimated as those without cranial lesions would 
not have been included in leprosarium assemblages (Boldsen and Mollerup 2006; 
Christensen and Boldsen 2001).  As a general consideration, only leprous 
osteomyelitis, concentric diaphyseal remodeling, and rhinomaxillary syndrome 
are pathognomonic of leprosy and other bone changes of the upper and lower 
limbs in isolation are indicative, but not positively diagnostic (Manchester 2011).  
Therefore, in this analysis bone changes in the cranial and postcranial skeleton 
will be used to diagnose leprosy as the sample is from a non-leprosarium 
cemetery and, by examining a constellation of cranial and postcranial changes, 
underestimation of disease impact on the community will be avoided.  
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Current Status of Leprosy 
While leprosy was once believed to be a disease lost in antiquity, clinical 
and epidemiological studies in modern societies have illustrated the longevity of 
Mycobacterium leprae.  Currently, there are over 91 countries worldwide where 
leprosy is still prevalent and the number of infected averages to 200,000 per year 
(Schuenemann et al. 2013).  The World Health Organization (WHO) has been 
actively campaigning to eliminate leprosy since 1982 (McDougall 2002; 
Robertson 2002; World Health Organization 2012).  Epidemiological studies in 
Norway during the 19
th
 and 20
th
 centuries showed that disease transmission has 
been significantly interrupted due to modern medical treatments, increased 
nutrition, isolation, and immigration to other countries (Irgens 1981; Meima et al. 
2002; Sommerfelt, Irgens, and Christian 1985).  Epidemiological surveillance in 
Norway, the United States, Nigeria, Japan, Venezuela, India and China show that 
there is a consistent decline in leprosy and that this may be related to secular 
trends which include increased age at onset and increased male excess (Irgens 
1985; Irgens and Skjærven 1985).  In spite of these successes and the introduction 
of multiple drug therapy (MDT), many countries continue to stagnate in recovery 
due to the inability to get funding for medical treatment or sociopolitical strife.  
Clinical, pathological, genetic, and cultural studies have brought some insight as 
to the nature of modern leprosy and how to treat it, specifically with respect to 
differential immune responses of the sexes (Donoghue 2002; Job et al. 2008; 
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Klein 2000; Oliveira 1997; Pennell, Galligan, and Fish 2012; Peters and Eshiet 
2002; Rubtsov et al. 2010).  
 Molecular studies on Mycobacterium leprae are a recent development in 
the investigation on treatment of leprosy patients as well as paleopathology. An 
international team of scientists led by Professor Johannes Krause, University of 
Tübingen, and Professor Stewart Cole, Swiss Federal Institute of Technology of 
Lausanne (EPFL) created a genome of Mycobacterium leprae from 
archaeological skeletons and biopsies for the first time (Schuenemann et al. 
2013).  Using DNA from an approximately 25 year old female skeleton found at 
the medieval cemetery of St. Jørgensen and seven biopsy samples from current 
patients, they found that M. leprae strains have a common ancestor that existed 
less than 4,000 years ago and that genome comparisons suggest there has been 
minor changes of the bacteria’s genetic material in the past thousand years.  These 
results suggest that the disappearance of the disease in Europe was prompted by 
other factors such as improved social conditions.  Until this discovery, the World 
Health Organization was the leading source on leprosy research and, using 
polymerase chain reactions (PCRs), specialists have been able to determine the 
presence of M. leprae in archaeological remains and examine possible DNA 
variance in multiple samples from different geographic and temporal locations 
(Donoghue et al. 2002).  PCR has also been used to examine how M. leprae is 
transmitted by skin and nasal secretions within households of living patients (Job 
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et al. 2008).  Furthermore, PCR technology has been utilized in determining if 
skeletal remains are diagnostic of leprosy or are being misdiagnosed as another 
infectious disease (Cook 2002; Spigelman and Donoghue 2002).  Molecular, 
clinical, and paleopathological studies of leprosy have provided diagnostic 
information which allows for improved treatment of this still extant disease and 
promotes clearer understanding of bioarchaeological investigation of past 
diseases.  
 
Previous Bioarchaeological and Paleopathological Research 
 
 Leprosy is one of the most recognized and researched diseases in the 
paleopathological community and bioarchaeological studies of leprosy have had 
special emphasis on medieval Danish populations (Boldsen 2007; Roberts et al. 
2002).  This disease was well recognized by the medical profession and by the 
general public during the Middle Ages.  However, studies have shown that 
leprosy is an infectious disease with impressive longevity and has survived in the 
human species since 2000 BC (Robbins et al. 2009).  Some of earliest recorded 
cases of leprosy were described on papyrus dating from ± 1500-200 BC in ancient 
Egypt, India, and China and papyrus dating from ± 1500-1200 BC (Aufderheide 
and Rodríguez-Martín 1998; Lechat 2002).  Radiocarbon dating of skeletal 
remains in Southeast Asia suggest that leprosy was present in human populations 
in approximately BC 300-100 and one recent study in India suggests that leprosy 
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has been present since 2000 BC (Blau and Yagodin 2005; Robbins et al. 2009; 
Tayles and Buckley 2004).  Recent sequencing of the M. leprae genome from an 
archaeological sample in Denmark further supports the antiquity of this disease 
(Schuenemann et al. 2013).  
 While there is evidence of the antiquity of leprosy, there are very few 
literary sources describing the nature of the disease prior to the Christian era and 
even fewer skeletal remains.  Latin authors Celsus (25 B.C.-37 A.D.) and Areteius 
of Cappadocia (c. A.D. 200) did described a disease termed elephantiasis which 
was believed to be leprosy and was introduced to Rome around B.C. 62 by armies 
of Pompey returning from the campaign against Mithridates, King of Pont 
(Browne 1975; Lechat 2002).  Some scholars believe that leprosy was first 
transmitted from throughout the Asian continent to Europe during Alexander the 
Great’s Indian Campaign (B.C. 327-326) (Mark 2002).  Roman conquest brought 
leprosy to Asia Minor, Africa, and parts of the Mediterranean and became 
endemic during the Roman era.  In 1989, leprous skulls of four adult males were 
discovered in a 2nd century B.C. Hellenistic necropolis of the Dakhleh Oasis in 
the Egyptian Sudan and evidence suggested that these individuals were banished 
from Alexandria because of their illness (Dauphin 1996; Molto 2002).  
Archaeologist and Curator of the Israel Department of Antiquities and Museums, 
Joseph Zias conducted extensive excavation on the Monastery of Martillous (A.D. 
614) and the Monastery of St. John the Baptist (A.D. 600) and found skeletons 
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with leprotic pathologies on cranial and postcranial elements (1985).  Zias’s 
analyses of skeletal remains from Byzantine Monasteries throughout the Ancient 
Near East indicate the dissemination of leprosy from the Asian continent to 
Europe based corresponding leprotic lesions (Zias 1985; 1988; 2002).  During the 
first century B.C., Roman legions and Phoenician merchant sailors disseminated 
M. leprae throughout the European continent and, with the rise of urbanization, 
leprosy became endemic (Browne 1975).  In Scandinavia, Arcini (1990) found 
clear evidence for leprosy dating to the Roman Iron Age (A.D. 1-400) and 
Boldsen and colleagues (2013) found that leprosy was quite common at the start 
of the medieval period. 
With the rise of Christianity and urbanization of Western Europe, leprosy 
became a recognized disease that carried a detrimental stigma and many 
communities would take dramatic exclusionary measures to socially isolate 
individuals with the disease (Covey 2001; Cule 2002).  Early medical descriptions 
of leprosy often presented vague symptoms of skin conditions which could have 
easily been attributed to other conditions, such as eczema or psoriasis and it was 
not until the Middle Ages that Roman, Arabic, and Greek physicians introduced 
exceptional medical knowledge of the disease (Crane-Kramer 2000).  Prior to 
this, the Bible stood as the most read document on the symptoms, treatments, and 
social behaviors concerning leprosy and even these accounts have been suggested 
to misconstrue true leprosy with other conditions, namely venereal syphilis 
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(Crane-Kramer 2000; Richard 1977).  Bioarchaeological evidence suggests that 
M. leprae disseminated throughout the European continent and cases recovered in 
England, Scotland, Ireland, Denmark, Germany, Norway, Finland, Portugal, 
Hungary, Czechoslovakia, and Russia support this (Antunes-Ferreira, Matos, and 
Santos 2013; Bennike et al. 2005; Boldsen 2001, 2005b, 2008; Boldsen and 
Mollerup 2006; Buzhilova 2002; Lunt 2011; Manchester and Roberts 1989; 
Murphy and Manchester 2002; Pálfi et al. 2002; Roberts 2002; Strouhal et al. 
2002; Vuorinen 2002).  Leprosaria were first built in response to this outbreak 
during the fourth century A.D. during the reign of Constantine, who was said to 
have contracted the disease; later these would become prevalent in Europe during 
the Middle Ages (Browne 1975).  By the High Middle Age, over 19,000 
leprosaria had been established throughout Northern Europe and the excavation of 
a sample of these establishments illustrates the accuracy of medieval clinical 
diagnoses (Andersen 1969; Aufderheide and Rodríguez-Martín 1998; Boldsen 
2007; Crane-Kramer 2000).  The bulk of skeletal evidence of leprosy from 
Medieval Europe comes from individual case studies and historically designated 
cemetery populations in Northern Europe, especially Great Britain and Denmark 
(Segal 2001).  
Many of the singular skeletal remains indicative of leprosy were 
discovered in general cemeteries that predate the papal dictate of leper 
segregation instituted in A.D. 1179 and many rural and urban communities 
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continued to bury the afflicted in parish cemeteries even when leprosarium were 
well established (Manchester 1984; Segal 2001).  However, this was clearly not 
the case at the Odense site, where as many as 40% of all adult burials took place 
in the leprosarium cemetery for a short period from A.D. 1270-1350 (Boldsen and 
Mollerup 2006).  The earliest evidence of leprosy in Northern Europe was 
discovered at Poundbury Camp, Dorchester, England (Reader 1974).  The 
incomplete set of skeletal remains dated to approximately A.D 350 and consisted 
of leg and foot bones which exhibited bony lesions; this diagnosis was later 
contested by Jonquieres (1977) due to the absence of lesions on the skull or hands 
and he stated that such a premature conclusion should be avoided as the 
radiographic evidence on the foot bones was also indicative of an alternative 
diagnosis.  Possible cases from England, France and Norway were also primarily 
consistent of partial postcranial elements proved to be insubstantial (Lorentsen 
and Solheim 1988
4
; Møller-Christensen 1967; Wells 1962).  Later excavations 
dating to the seventh and eighth centuries showed more definitive cases of leprosy 
(Brothwell 1958; Møller-Christensen and Hughes 1962; Manchester 1981).  The 
Scarborough Skull was one of the most well preserved, conclusive examples of 
cranial changes in leprosy of the time as it exhibited resorption of the nasal 
aperture margins and minor osteoporosis of the frontal aspect of the maxilla 
(Brothwell 1958).  Another famous example was that of the Scottish king, Robert 
                                                          
4
 Lorentsen and Solheim examined a Viking age skeleton exhibiting changes in the rhinomaxillary 
region typically representative of leprosy.  
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the Bruce who died in A.D. 1329 and whose remains were examined by Vilhelm 
Møller-Christensen and were determined to be indicative of leprosy (1961).  
However, due to the poor excavation and curation techniques, bad quality 
preservation, and inadequate descriptions of skeletal pathologies, these potentially 
important cases of leprosy served only as indicators of the geographic and 
temporal range of the epidemic (Segal 2001).  
Leprosarium cemeteries in Medieval Europe 
Leprosarium cemeteries and multiple burials of leprotic individuals in 
parish cemeteries proved to be more significant in contributing to the 
paleopathological descriptions of leprotic lesions in terms of number and 
appearance, as well as providing significant information in reconstructing 
medieval demographic profiles.  Multiple burials of leprotic skeletal remains have 
been excavated in England, Germany, Sweden, and Denmark (Boldsen 2008; 
Manchester and Roberts 1989; Møller-Christensen 1953; Segal 2001).  Of these 
sites, Danish cemeteries have been most informative on determining skeletal 
criteria for leprosy diagnosis and understanding differential mortality and 
morbidity.  
England 
There are three leprosy hospital collections that have been used 
extensively in English analyses: South Acre, Hospital of St. Margaret, and 
Hospital of St. James and St. Mary Magdalene in Chichester. South Acre (ca. 
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A.D. 1154-1189) yielded seven individuals that had leprotic bone changes, 
suggesting that the site was a leprosy cemetery (Wells 1967).  The Hospital of St. 
Margaret (A.D. 1229-1596) produced twelve poorly preserved individuals with 
periosteal lesions identified on the tibia and fibula and one example of 
rhinomaxillary changes; along with leprotic bone changes, skeletal remains also 
had extensive dental pathologies suggesting poor oral health and low economic 
status (Farley and Manchester 1989).  Both the South Acre and Hospital of St. 
Margaret cemeteries were excavated mechanically and the skeletal remains were 
indicative of leprosy, as well as displayed other indicators of poor health.  The 
Hospital of St. James and St. Mary Magdalene in Chichester is the largest and 
most extensively documented leprosy hospital in England.  The excavations for 
this site produced 257 adults and subadults of both sexes with cranial and 
postcranial leprotic bone changes and this collection is still used in reference to 
examining leprotic pathologies (Judd and Roberts 1998; Magilton and Lee 1989; 
University of Bradford 2013).  It has been observed that frequencies of skeletal 
manifestations of leprosy between sites in England and Denmark are not 
compatible as there were significantly more people with skeletal lesions at 
Næstved (77%) than at Chichester (10%) and that this questions whether all who 
were buried in leprosaria had leprosy (Roberts 2002).  
Germany 
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Skeletal evidence of leprosy comes from eight sites in Germany and two 
sites in Sweden: Aachen (A.D. 1230-1550), Lauchheim (A.D. 470-680), five sites 
at Schleswig (A.D. 1051-1536), Malmø (A.D. 1320-1520) and Lund (A.D. 990-
1100) (Boldsen et al. 2013).  A leprosarium was established in Aachen around 
A.D. 1235 and was utilized along with its adjacent cemetery until A.D. 1550 
(University Hospital Aachen 2013).  Schmitz-Cliever determined from the 
Aachen cemetery that eighty percent of the skeletons exhibited evidence of 
cranial and postcranial leprotic lesions (cited by Segal 2001).  The Lauchheim 
community cemetery was a non-leprosarium associated cemetery which yielded 
110 adult skeletons with leprotic bone changes on cranial and postcranial 
landmarks.  Of the total of 1,308 individuals in the death assemblage, 
approximately 16% (95% confidence interval: 9-23%) were shown to have died 
with osteological signs of leprosy and there were significantly more males than 
females afflicted (Boldsen 2008).  The study conducted in Schleswig analyzed the 
frequency of leprosy in five urban cemeteries and the results showed that the 
frequency of leprosy ranged from 9-44%; four out of five of the cemeteries 
ranged from 35-44% with no significant differences and the fifth had a frequency 
of 9% (Boldsen et al. 2013).  This study does indicate an increase in leprosy 
prevalence prior to A.D. 1200, when disease frequencies significantly decreased 
up to around A.D. 1500.  In southern Sweden, excavations of cemeteries at 
Malmø and Lund yielded skeletal material with cranial and postcranial 
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modifications due to leprosy (Arentoft 1999; Boldsen 2001; Segal 2001).  Very 
much like the community of Aachen, the residences of these medieval Swedish 
communities had similar criteria for selecting individuals with leprosy.  
Denmark 
Of all the European sites, the most extensive leprosy skeletal research is 
from Denmark and this includes excavations from Næstved, Svendborg, 
Odense/St. Jørgensgård, and Tirup (Boldsen 2001; Boldsen 2005a; Boldsen 
2005b; Boldsen 2007; Boldsen and Mollerup 2006; Møller-Christensen 1953 and 
1961; Segal 2001). Tirup is not a leprosarium site and is often studied as it is 
currently the only completely excavated cemetery representative of the rural 
majority of the medieval population.  Danish anatomist and pioneer in leprosy 
paleopathology, Vilhelm Møller-Christensen (1903-1988) conducted several of 
the initial excavations and osteological analyses of leprotic skeletons in Denmark 
and throughout his career he identified that 70% of leprosarium burials were 
diagnostic of leprosy (Bennike 2002; Jopling 1989; Møller-Christensen 1953).  
Møller-Christensen became interested in the pathological changes of leprotic 
skeletal material after he had encountered a set of partial remains with leprotic 
lesions during his examination of skeletal material at Æbelholt monastery in 
1935; his interest was further fostered by publications on skeletal studies 
conducted at Øm Kloster (Isager 1936; Møller-Christensen 1952).  His initial 
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work on the Næstved and St. Jørgen cemeteries defined the paleopathological 
changes of leprosy which he termed facies leprosa (Møller-Christensen 1961).  
Næstved dates from the late thirteenth century to mid sixteenth century A.D. and, 
over twenty-one years of excavation (1948-1968), 650 individuals were exhumed 
from ages 16 years and up.  Møller-Christensen later examined leprotic skeletal 
material on the island of Funen at two St. Jørgen cemeteries dating to the 
medieval era: Svendborg and Odense.  The Svendborg site contained nine burials 
and five unassociated crania of which Møller-Christensen identified leprotic 
changes.  The St. Jørgen cemetery in Odense is the only Danish leprosy collection 
not thoroughly examined by Møller-Christensen and has been the focus of work 
conducted by Jensen and Tkocz (1980-1981), Segal (2001), and Boldsen (2001), 
and Boldsen and Mollerup (2006).  This site produced a large scale skeletal series 
(N=924) and the initial analysis concluded that 7.0% (N=65/924) manifested 
severe osteological changes from leprosy and 14% (129/924) were suspected of 
having leprosy. Tirup has been the most extensively examined rural cemetery to 
have been analyzed for the frequency of leprosy and mortality (Boldsen 2005a).  
In all of the presented sites, there is evidence of a relationship between 
leprosy and certain biological and cultural factors, such as age, sex, and social 
status (Boldsen 2001; Boldsen 2005a; Boldsen 2005b; Boldsen 2007; Manchester 
and Roberts 1989; Mollerup 2006; Møller-Christensen 1953 and 1961; Roberts 
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2002; Segal 2001).  In many of the leprosarium sites in England and Denmark, the 
age ratios indicated that the majority of cases with manifested leprosy were adults 
(Boldsen 2001; Manchester and Roberts 1989; Roberts 2002).  Due to the length 
and variation in incubation of the disease, skeletal manifestations of leprosy do 
not typically occur until the infected individuals have reached adulthood and 
individuals who did not have skeletal lesions may still have been infected 
(Roberts 2002).  Frequency and severity of leprosy between sexes in medieval 
sites does not appear to have bias towards one sex; however, clinical studies have 
illustrated that this is not the case in living populations (Oliveira 1997; Ortner 
1998; Peters and Eshiet 2002; Roberts 2002).  Clinical studies have shown that 
females have a higher immune response to infectious disease than males and 
researchers suggest that sex hormones, genes, and behavior work in tandem to 
result in an immunity bias for females (Klein 2000; Ortner 2003; Pennell, 
Galligan, Fish 2012; Rubtsov et al. 2010).  Social status has also been shown to 
be a factor in mortality risk and exposure to disease with evidence suggesting that 
higher status groups are at a lower risk of mortality and contracting diseases such 
as leprosy (Boldsen 2005a; Boldsen 2007; Redfern and DeWitte 2011).  While 
age, sex, and status appear to be factors that affect the incidence of leprosy, 
evidence suggests that time of initial exposure, environment, individual immunity, 
nutrition, demographics, gender roles, and other social conditions also affect the 
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incidence of leprosy (Cochrane 1962; Hay 1988; Keil 1933; Manchester 1991; 
Oliveira 1997; Rogers 1936; Sommerfelt, Irgens, and Christian 1985).  
By understanding the history of leprosy in Northern Europe and previous 
bioarchaeological and paleopathological research conducted on urban leprosaria 
sites, it is possible to address the presence of leprosy in skeletal populations from 
rural, monastic sites, specifically in terms of possible relationships between 
disease, age, sex, and social status.  While there have been extensive 
archaeological excavations and general skeletal analyses of sex, age, trauma, and 
basic health indicators of the primary graves at Øm Kloster, little research has 
been conducted on the frequencies of leprosy in the skeletal remains excavated 
from within and outside of the abbey.  The current research will illustrate the 
relationship between these factors and leprosy in a non-leprosarium environment 
in medieval Denmark, which is significant to understanding regional diversity of 
leprosy frequencies in Denmark and to add to the pool of knowledge on medieval 
diseases. 
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Chapter 3: Skeletal Sample and Methods 
Selection of the Study Sample 
 The skeletal collection from Øm Kloster was selected for this study due to 
the well documented history of the monastery and associated archaeological 
excavations.  Also, there have been very few published studies on the 
paleopathology of the skeletal material recovered there.  The skeletal collection of 
Øm Kloster is currently held at ADBOU (Anthropological Database Odense 
University) at the Institute of Forensic Medicine of the University of Southern 
Denmark in Odense and consists of over 800 individuals dating from A.D. 1172 
to 1560, including the skeletal remains held at the Øm Kloster Museum in 
Skanderborg used in research and exhibition (ADBOU 2011).  Øm Kloster is 
exceptional, in that a large number of burials have been excavated at different 
locations within the area of the abbey and there is a known open and close date of 
burials (Figures 11-12) (Gregersen and Jensen 2003).  The exact total number of 
individuals interred at Øm Kloster is not yet determined as excavations are still 
being conducted on outer portions of the cemetery.  Original data on the number, 
grave location, and general biological profiles were collected in archaeological 
excavations since 1896 up to 2007, with the most active campaigns from 1934-41, 
1974-77, and 1996-97 (ADBOU 2011; Gregersen and Jensen 2003; Mollerup 
2014, personal communication).  This extensive research of the multiple burial  
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Figure 11: Map of the structures at Øm Kloster (Gregersen and Jensen 2003:82) 
locations at the abbey has provided a wealth of information on the religious and 
social significance of the burials based on their siting, preparations, and artifact 
assemblages (Gregersen and Jensen 2003). Furthermore, the location of burials 
infers demographic and genetic relations between individuals buried at Øm 
Kloster.  
This collection was selected based on several factors: well documented 
history of the abbey and site excavations, evidence of leprosy based on historic 
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Figure 12: Illustration of burials at Øm Kloster (Gregersen and Jensen 2003:152) 
iconography and general examinations by previous researchers, good preservation 
of the skeletal remains allows for accurate determination of sex and age, the 
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location of graves denotes social status as a demographic factor in the 
pathological examination, and the abbey is a rural non-leprosarium site which 
allows for an unbiased demographic projection of the community surrounding Øm 
Kloster.  
In order to determine a manageable and representative sample size from 
this skeletal population for this study, a sample strategy was employed.  The 
sample used for this study was selected from the collections at ADBOU and from 
the collection held in Skanderborg based on two criteria: completeness and 
preservation of skeletal elements typically affected by leprosy and the ability to 
determine age and sex of each individual based on skeletal elements.  Each set of 
skeletal remains was determined to be excellent, good, or poor for this study 
based on preservation and completeness of the following elements: cranium 
(specifically the rhinomaxillary region of the facial portion of the cranium), tibia, 
fibula, hand, and feet bones.  Excellent specimens were >75% complete with 
minimal cortical flaking.  Good specimens were 25-75% complete with adequate 
bone preservation.  Poor specimens were <25% complete, usually absent of 
cranial bones, with significant cortical flaking and post-mortem damage from 
taphonomic forces, poor excavation procedures, and improper handling.  
Excellent and good specimens were used in this study; no poor specimens used in 
this study.  It was also important that specific elements were present and 
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preserved in order to determine age and sex for the purpose of creating a 
demographic profile.  Aging and sexing methods were based on the fusion of all 
epiphyses, the pelvis, sternal end of the clavicle, the cranium, and dentition 
(Buikstra and Ubelaker 1994; Mckern and Stewart 1957; Ubelaker 1989; White 
and Folkens 2005).  Individuals that were too incomplete and damaged in order to 
discern details concerning the biological profile were not considered for this 
study. 
In total, there were 311 individuals were used from the available skeletons 
at Øm Kloster.  Sets of remains were kept in acid-free cardboard storage boxes 
marked with the site name and grave identification number.  The sampling 
method used for this study required review of the entire collection at ADBOU and 
at the Øm Kloster Museum in Skanderborg and selecting individuals that met the 
criteria described above.  The sets of remains that met the criteria were selected 
and then were given age and sex estimations followed by an analysis for leprotic 
lesions.  This sampling procedure was chosen to secure that every individual was 
considered for analysis and the ones that were discriminated were done so based 
on criteria that allowed for higher accuracy in determining the biological profile 
and presence of leprosy in the individual.  
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Data Collection Methods 
 A series of data collection forms were designed to record information on 
the age, sex, leprotic lesions of the cranial and postcranial skeleton, as well as 
additional information on pathologies and the condition of the remains.  A 
skeletal registration form was created based on the one used by Jesper Lier 
Boldsen, Ph.D. for the Tirup site and each set of remains was recorded using the 
site name, grave number and skeleton ID number (Appendix A).  In addition to 
estimating age and sex, the presence or absence of leprotic lesions for the 
rhinomaxillary sinus region (RMS) were recorded per portion of the cranium and 
postcranial lesions and were described in the section for additional material and 
on the skeletal diagram.  Additional pathologies were also noted along with 
taphonomic changes due to excavation, burial treatment, soil staining, weathering, 
etc.  This data was recorded on multiple Excel spreadsheets for RMS, postcranial 
lesions, and observer error retesting.  The selected sample was examined three 
times: the first examination determined age and sex along with assessment of 
RMS, the second examination retested age and sex estimation and assessed 
postcranial lesions without considering the cranial skeleton, and the third 
examination retested cranial and postcranial assessments in a random selection of 
10% for the sample.  Each test was recorded on skeletal registration forms and 
electronically via Excel.  Social status was considered after these examinations 
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were completed and the information for burial location was acquired from 
assisting researchers (Boldsen personal communication 2014; Mollerup personal 
communication 2014).  
Demography- Sex 
Elements examined to estimate the sex of an individual included the 
pelvis, the cranium, and postcranial bones.  Estimation of sex using these 
elements relied on discussions of the dimorphic appearances of male and female 
traits in Phenice (1969), White and Folkens (2005), and Pedersen (2010)
5
.  The 
most optimal method to determine sex was by examining either the right or left 
innominate, if present.  The ventral arc, subpubic concavity, ischiopubic ramus 
morphology, size of the sciatic notch and presence and morphology of the 
preauricular sulcus were scored according to the criteria described in Standards 
(Buikstra and Ubelaker 1994).  These traits were scored as male, female, 
ambiguous or not observable. From these observations, a sex estimation based on 
the pelvis was recorded. 
If the pelvis was unavailable or too damaged to yield a conclusive sex 
estimate, the cranium was examined for evidence of sexual dimorphism also 
                                                          
5
 This study explored the hypothesis that there is a significant difference between Danish 
medieval skeletons from Jutland and Funen based on sexually dimorphic measurements of the 
femur caput, humerus caput, and humerus epicondylar width.  The results showed there was a 
distinct sexual dimorphism intersexually in the two regional populations (Pedersen 2010).  
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according to the criteria described in Standards (Buikstra and Ubelaker 1994).  
The development of the nuchal crest, mastoid process, supra-orbital margin, 
supra-orbital ridge/glabella, and mental eminence were scored on a scale from 0-5 
(0= undetermined sex, 1= female, 2= probable female, 3= ambiguous, 4= 
probable male, 5= male).  Final estimate of sex included all of these factors to 
give an overall sex estimation with pelvic characteristics weighing more than 
cranial.  In consideration to overall postcranial morphology, sexually dimorphic 
traits of Jutland Danes were noted for the purpose of avoiding false sex estimation 
due to population specific morphologies (Pedersen 2010).  Sex determination of 
all adult individuals were recorded as: Male, Male?, Female, Female?, and 
Ambiguous (?).  All individuals whose epiphyses had not reached complete fusion 
and had not reached puberty were not considered for this study.  
Demography- Age 
Age at death of an individual was determined by evaluating the age related 
changes associated with the morphology of the pubic symphysis, eruption of 
dentition, fusion of the medial clavicle, and union of epiphyses and cranial 
sutures.  Three primary age categories were established based on criteria from 
Standards (Buikstra and Ubelaker 1994): young adult (20-34 years), middle adult 
(35-49 years), and old adult (50+ years).  The formation and eruption of teeth 
(Ubelaker 1989) and epiphyseal fusion of ossification centers (Buikstra and 
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Ubelaker 1994; McKern and Stewart 1957; White and Folkens 2005) were used to 
establish age ranges for individuals.  Adult individuals were defined as having 
complete eruption of permanent dentition and complete fusion of primary 
ossification centers, the morphology of the pubic symphysis was used as the 
primary criteria for age estimation.  The morphology of the pubic symphysis was 
scored using the criteria of Brooks and Suchey (1990).  The fusion of the medical 
clavicle was scored to determine the age of young adults using criteria described 
by McKern and Stewart (1957).  Evaluation of cranial sutures was used as an 
additional consideration to other age estimation indicators (Buikstra and Ubelaker 
1994).  
Based on these markers of age, individuals were placed in one of three age 
categories: young adult, middle adult, or old adult.  It was noted that the methods 
used to determine age may have overestimated the actual age of the individual as 
current methods are based on modern samples rather than medieval ones.  When 
preservation or incompleteness made it impossible to yield age estimation for the 
individual, the individual was removed from the sample.  No individuals that were 
not considered to be adults were used in this study due to the nature of how 
leprosy manifests itself after a long incubation period and is not typically 
observed skeletally until adulthood.  
Demography- Status 
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 Assignment of social status of each individual had been based on grave 
location at Øm Kloster and this information had not been revealed to the author 
until after a biological profile was developed for each individual and they had 
been examined for leprotic bone lesions.  Two categories for social status were 
established based on the locations of graves within the monastery and the abbey 
cemetery: monastic/beneficiary persons and lay persons.  The criterion to 
determine which class individuals fell into was based on burial location around 
and within the abbey complex.  Monks and benefactors were buried at the eastern 
side of the church and east wing of the complex.  Separate graveyards for lay 
persons and monks are mentioned in the literature and were recovered during 
previous excavations (Mollerup 2014, personal communication).  At Øm Kloster, 
the graves on the east side was clearly different then the graves from the northern 
cemetery.  On the east side the burials lay in rows along the eastern wing and all 
the examined skeletons were male.  Burials within the cloister from the cloister 
walks are believed to be monks as well.  All of these burials are believed to be 
either monks or benefactors and their families.  The lay persons were buried in the 
northern cemetery.  Two-thirds of the graves in this cemetery contained male 
skeletons and 1/3 of the graves contained skeletons from females and children.  
The mixed burials indicate strongly that this was the resting place of the families, 
laypeople and maybe also the laybrothers.  
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The locations of each set of remains were recorded in spreadsheet format 
from previous research and given to the author after the other analyses were 
conducted.  These spreadsheets also include prior sex estimations made by Lene 
Mollerup, PhD and Jesper Lier Boldsen, PhD, which were also compared to the 
current estimations after the initial testing and inter-observer error analysis.  Once 
status had been assigned to each set of remains, statistical analyses comparing 
each ordinal dataset could be conducted using chi-square goodness to fitness 
testing.  
Pathological Evaluation  
 To evaluate the presence of leprosy in the sample from Øm Kloster, a set 
of observational criterion for the cranial and postcranial skeleton were derived 
from the paleopathological literature.  The objective of this evaluation was to 
determine the minimal estimate of disease frequency within this population.  
Pathological modifications to the cranial and postcranial skeleton were considered 
to be indicative of minimum frequencies of disease within the groups represented 
in the death assemblage at Øm Kloster.  Multiple scenarios of cranial and/ 
postcranial lesions were considered to be acceptable as being indicative of leprosy 
(Roberts 2009).  The following scenarios were determined as diagnostic of 
leprosy: 
1. Rhinomaxillary syndrome 
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2. Rhinomaxillary syndrome and foot changes 
3. Rhinomaxillary syndrome and hand changes 
4. Rhinomaxillary syndrome and tibia, fibula and/or foot changes 
5. Hand, foot, tibia, and fibula changes 
During this analysis, it was crucial to remember that the absence of lesions 
or destruction does not indicate that disease was not present; rather, more likely 
than not the majority of individuals within the population carried the bacterium 
(Boldsen 2014, personal communication).  Following the considerations of Wood 
et al.’s “osteological paradox”, this analysis was conducted with the awareness 
that there is a complex relationship between the degree of stress and the 
likelihood of developing a lesion, that subgroups within the population of interest 
may experience varying risks of disease, and the possibility that individuals 
displaying lesions may have actually been healthier than at least some individuals 
without lesions (Wood et al. 1992).  These factors were considered when 
evaluating lesion frequencies amongst and between subgroups in this population.  
 Each set of individual remains were examined for infectious and non-
infectious disease bone pathologies, as well as bone alterations due to trauma and 
taphonomy.  The data collection form was created using a template designed by 
Jesper Boldsen (Appendix A).  Discussions and descriptions of the pathological 
modifications to bone from leprotic infection were used to alter the forms for the 
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specific objective of this project and in description of the lesions examined 
(Manchester 2002, 2011; Ortner 2003).  Further direction and assistance on 
identifying leprotic lesions from other pathological modifications on specific 
regions of cranial and postcranial elements was given by Ulla Freund.  For the 
purpose of this research, descriptions of leprosy were discussed by anatomical 
location as well as by level of destruction and were not assigned as either 
lepromatous, tuberculoid, or borderline due to the fact that the form of leprosy is 
only determinable if soft tissue is present or if RMS is present in the cranial 
bones, which does not account for leprotic changes to the postcranial skeleton 
(Appendix B).  
Cranial Pathology 
The facial region of the cranium was evaluated for the presence of 
pathological changes associated with leprosy and data was recorded on the data 
collection form and on an Excel spreadsheet.  This region was examined for 
rhinomaxillary syndrome (RMS) in the bones associated the oral and nasal 
sections of the facial cranium.  Leprotic changes of the face have been described 
in great detail and are considered to be one of the only paleopathological features 
to be pathognomonic of leprosy (Manchester 2011).  Seven landmarks of the 
rhinomaxillary region typically affected by leprosy were evaluated for each 
individual and scored as present or absent on the data collection form.  Leprotic 
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changes to the anterior nasal spine (ANS), the edge of the nasal aperture, and 
nasal conchae were scored as mild or severe if present (Figures 13-15). 
 
Figure 13: Anterior nasal spine scoring as absent, mild, and severe (left to right) 
 
Figure 14: Edge of the Nasal aperture scoring as absent, mild, and severe (left to 
right, taken by the author) 
 
Figure 15: Alveolar margin scoring as absent, mild, and severe (left to right, taken 
by the author) 
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Figure 16: Palate scoring as mild and severe (left to right, taken by the author) 
 Leprotic changes to the alveolar process of the maxilla were recorded as 
mild or severe if present and it was scored for extent of recession including tooth 
loss.  Leprotic changes to the oral region including the palatine process of the 
maxilla and posterior alveolar margins were recorded as mild or severe if present 
(Figure 16).  Leprogentic odontodysplasia was recorded only if present. Other 
non-leprotic pathological lesions of the cranium such as cribra orbitalia, porotic 
hyperostosis, and button osteomas were recorded separately on the form as 
additional material.  Photographs were taken of pathologic cranial lesions. 
Postcranial Pathology 
 The postcranial elements that were selected to be evaluated for leprotic 
lesions were the tibiae, fibulae, manual and pedal bones.  The location and 
description of lesions were recorded and drawn on the data collection form and on 
an Excel spreadsheet.  Specific abnormalities to the bone, including osteomyelitis 
and periostitis, arthritis, and trauma were evaluated for each element and recorded 
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on the data collection form.  Periosteal reactions to the tibiae and fibulae were 
given special attention as they are referred to in the literature commonly as 
indicative of leprotic infection (Manchester 2002, 2011).  The tibiae and fibulae 
were evaluated for periosteal reactions associated with infection, which typically 
result from inflammatory changes in the foot.  Changes were examined in the 
adjacent surfaces of the tibia and fibula of the lower two thirds of the bones for 
bilateral symmetrical change marked by pitting subperiosteal new bone formation.  
In the initial stages of inflammation, the new bone is of the woven type and is 
distinct from the cortical surface; in later stages of infection, the woven bone 
becomes compact and appears as a smooth undulating layer connected to the 
cortical bone (Figures 17 and 18). 
The bones of the hands and feet were examined for changes associated 
with leprosy on the metacarpals, carpals, metatarsals, tarsals, phalanges, and 
joints.  The metacarpals and carpals were scored for concentric remodeling and 
inflammatory changes, which is more uncommon in these elements than in the 
distal, medial, and proximal phalanx.  The distal phalanx was examined for 
destruction and smoothing of the palmar surface, inflammatory pitting, erosive 
destruction, and bone absorption of the distal end.  The middle phalanx was 
examined for concentric diaphyseal remodeling and basal beveling of the palmar 
edge of the proximal articular surface.  
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Figure 17: Periosteal lesions on the left distal medial fibula (taken by the author) 
 
 
 
Figure 18: Severe periosteal infection of the distal fibula (taken by the author) 
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The proximal phalanx of the hand was examined for concentric diaphyseal 
remodeling and grooving and thickening to the palmar surface, which usually 
occurs in association to “claw-hand deformity” in which there is 
metacarpophalangeal joint hyperextension and interphalangeal joint hyperflexion 
(Manchester 2011).  Metacarpophalangeal and interphalangeal joints were 
examined for inflammatory changes, arthritis, grooving, and cupping.  The distal, 
medial, and proximal phalanges of the foot were examined in the same manner as 
those of the hand.  The metatarsus was examined for surface inflammatory pitting, 
concentric diaphyseal remodeling, and bone absorption.  The tarsals was 
examined for surface inflammatory pitting, dorsal bar formation on the neck of 
the talus, navicular, cuneiforms, navicular “squeezing” and cuboid, tarsal 
disintegration, and calcaneal erosion.  Joints of the feet were similarly examined 
as those of the hand.  Photographs were taken of pathological modifications to the 
postcranial skeleton.  
Other Documentation 
 Pathologies of the cranial and postcranial skeleton that were non-leprotic 
and non-infectious were recorded on the data collection form as additional 
information.  Observed abnormal bone loss, abnormal bone growth, vertebral 
pathologies, trauma, and taphonomic processes were documented and 
photographed. 
67 
 
Calculating the Probability and Frequency of Leprosy 
 The probability of an individual having physical manifestations of leprosy 
at the time of death was determined based on a constellation of skeletal findings.  
Bony changes associated with leprosy were divided into two categories: 
rhinomaxillary changes (RMS) or postcranial changes.  Rhinomaxillary changes 
included the anterior nasal spine, inflammation and recession of the alveolar 
process of the maxilla, the palatine process of the maxilla, and the edge of the 
nasal aperture.  Other cranial observations for this category include changes to the 
nasal conchae, posterior alveolar margins, and dentition (leprogenic 
odontodysplasia).  Postcranial changes were recorded for the bones of the hands 
and feet, tibia, and fibula.  Probability was based on the presence and number of 
lesions in both categories and the severity of RMS lesions and this produced three 
probability categories: high (severe RMS and postcranial lesions present), 
moderate (moderate RMS and postcranial lesions present), and low (marginal/no 
lesions visible).  Individuals with severe RMS and postcranial lesions were 
assigned a high probability of having leprosy.  Individuals were assigned a 
moderate probability of having leprosy if there were numerous lesions present in 
either or both categories.  Individuals with marginal changes in one or the other 
category were given a low probability as these lesions may be differentially 
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diagnosed as stress markers or trauma; low probability was assigned as these 
individuals may have carried the bacterium but had not yet manifested lesions.   
Severity was determined for rhinomaxillary syndrome (RMS) as either 
moderate of severe.  Moderate RMS included some or all of these characteristics: 
minor rounding of the nasal aperture, resorption of the anterior nasal spine, 
recession and inflammation of the alveolar margins with possible loss of the 
frontal incisors, bony changes of the palatine process, and may include minor 
changes to the nasal conchae and posterior alveolar margins. Severe RMS 
included pronounced rounding of the nasal aperture, complete resorption of the 
anterior nasal spine, marked recession and inflammation of the alveolar margins 
of the maxilla and loss of the frontal incisors, bony changes of the palatine 
process, along with changes to the nasal conchae and posterior alveolar margins.   
Postcranial lesions were marked as present or absent and were given 
higher probability based on the number and location of lesions.  Higher 
probability was given when lesions were recorded for the bones of the hands, feet, 
tibia, and fibula than those recorded for only one category.  Inflammatory changes 
to the metacarpals, metatarsals, and phalanges found in conjunction with 
periosteal deposits on the tibia and fibula were assigned to high and moderate 
probabilities as they are more likely to be associated with leprosy.  Lesions of the 
carpals and periosteal deposits on the tibia and fibula that were recorded without 
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other bony changes were considered as low evidence of leprosy as they are both 
general markers of infection.  
Data Entry 
 Data was analyzed using the Statistical Package for the Social Sciences 
(SPSS) for the IMB v 20 (Armonk, NY).  Due to the complexity of some of the 
variables recorded, these details were collapsed into codes so that meaningful 
relationships between variables could be determined.  To evaluate statistical 
significance, x² tests of independence of sets of criteria were employed.  
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Chapter 4: RESULTS 
 This section outlines the findings of the analysis of the skeletal collection 
from Øm Kloster.  First, the general sample information is discussed with respect 
to preservation and completeness.  Second, the demographic composition of the 
sample is discussed based on the results from sex and age estimations and burial 
location data.  The bulk of this section is dedicated to the x² test of independence 
of sets of criteria results employed to evaluate the statistical significance of 
leprosy for the population as a whole, as well as within sex, age, and status 
groups.  The final portion of this section will briefly discuss other observed 
pathologies in the skeletal sample. 
General Sample Information 
 The collection housed at ADBOU contained approximately 800 
individuals and there was an additional 122 individuals housed at the Øm Kloster 
Museum.  Of the possible 922 individuals, a random sampling of 311 individuals 
was performed.  They were selected based on level of preservation and 
completeness, as well as by the stage of osteological development.  Individuals 
were selected without knowledge of sex, age, or burial location to infer status.  
Each set of remains selected for the study was assessed initially for age and sex, 
and the presence of cranial lesions, and then assessment was repeated on the same 
individuals but on the postcranial remains.  Intra-observer error was accounted for 
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in a random reexamination of 10% of the sample which was then compared to the 
original evaluation.  
Demographic Composition 
Sex 
 Individuals were initially recorded as male or female, probable male or 
probable female, or indeterminate.  For the sake of calculating leprosy frequency 
using statistical methods, the probable males and probable females were collapsed 
into the male and female groups.  This left the following final sex determination 
categories: male, female, and indeterminate (Figure 19).  Individuals that were 
designated as male or possible male totaled 68% (N=211/311). Individuals that 
were designated as female or possible female totaled 29% (N=91/311).  
Individuals that could not be assigned sex due to postmortem damage, 
taphonomic alterations, pathology, or lack of elements were listed as 
indeterminate were 3% (N=9/311) of the sample.  Those individuals that were 
indeterminate were not utilized in the statistical analysis.  
Age 
 The sample from Øm Kloster includes individuals from all three age 
groups (Figure 20).  The age ranges were taken from Standards classifying 
individuals into one of three groups: young adults (20-34 years), middle adults 
(35-49 years) and older adults (50+ years) (Buikstra and Ubelaker 1994).  
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Figure 19: Number of adults categorized by sex 
 
 
Figure 20: Number of adults categorized by age groups 
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Individuals that were classified as young adults comprised 24% (N=76/311) of the 
sample.  Individuals that were classified as middle adults totaled 56% 
(N=174/311).  Individuals that were classified as older adults totaled 15% 
(N=45/311).  Of the 311 individuals examined for approximate age, 16 
individuals (5%) were either too damaged or lacked elements for age estimation 
and were therefore not considered for statistical analysis.  
Status 
 After the initial analyses for sex, age, and pathologies, each individual was 
assigned a social status based on recorded burial location (Figure 21).  This 
information was not revealed to the author until after all skeletal analyses had 
been completed and the original excavation data had been released from Dr. 
Jesper Lier Boldsen.  Individuals that were buried in the northern portion of the 
cemetery and were designated as lay persons totaled 81% (N=251/311). 
Individuals that were buried in the eastern portion of the cemetery and the 
cloisters, indicating a monk or beneficiary status, consisted of 15% (N=48/311).  
Of the 311 individuals examined for this study, 12 (4%) individuals had not been 
given a social status based on burial location and for this they were not included 
in the final pathological analyses.  
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Figure 21: Number of adults categorized by status 
Final Demographics for Analysis 
 Excluding the individuals that could not be evaluated for sex or age and 
whose burial location was unknown, there were a total of 276 individuals that 
were used in the final statistical analyses.  The final demographic profile 
consisted of 230 lay persons and 46 monks/beneficiaries. Of the lay persons, there 
were 57 young adults (35 males and 22 females), 136 middle adults (101 males 
and 35 females), and 37 older adults (25 males and 12 females) (Figure 22). Of 
the monks and beneficiaries, there were 15 young adults (9 males and 6 females), 
25 middle adults (23 males and 2 females), and 6 older adults (4 males and 2 
females) (Figure 23).  
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Figure 22: Demographic profile of the lay persons buried at Øm Kloster 
 
 
Figure 23: Demographic profile of the monks/beneficiaries buried at Øm Kloster 
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statistical analysis, a total of 7% (N=18/276) were diagnosed with rhinomaxillary 
syndrome (RMS) based on a constellation of cranial lesions and a total of 12% 
(N=33/276) had postcranial lesions indicative of leprosy; from these results, there 
was a 1% overlap of individuals who had both cranial and postcranial lesions 
(N=4/276).  Overall, there was a frequency of 17% (N=47/276) prevalence of 
individuals that died with osteological manifestations of leprosy.  The overall 
distribution of lesions by sex, age, and social status can be viewed on Figure 25.  
 
Figure 24: Distribution of leprotic lesions in the sample 
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Figure 25: Distribution of lesions by sex, age, and social status 
 
Cranial lesions 
 In the literature, pathology of the nasal and oral region compared to other 
areas of the skeleton is most indicative of leprosy. For individuals to have been 
diagnosed with rhinomaxillary syndrome (RMS) a strict set of criterion were 
established and the following are the results for those individuals who met that 
criteria.  
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collapsed into the moderate cases.  The demographic breakdown of the 
individuals with RMS are 89% (N=16/18) are lay persons (3 young adult males, 9 
middle adult males, 2 older adult males, 2 middle adult females) and 11% 
(N=2/18) are monks/beneficiaries (1 older adult male, 1 young adult female) 
(Figures 27-29).  
 
Figure 26: Number of individuals diagnosed with RMS 
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Figure 27: Demographic distribution of individuals with RMS by age and status 
 
 
Figure 28: Demographic distribution of individuals with RMS by sex and status 
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Figure 29: RMS by status, sex and age 
Postcranial lesions 
 While cranial pathology has been traditionally considered the diagnostic 
criteria for determining leprosy frequencies in past populations, it has been shown 
that disease morphologies of the postcranial skeleton appear much more 
frequently and may in fact precede any cranial morphology based on the strain of 
leprosy, individual’s immunological response, as well as the behaviors of the 
infected individual.  In this sample, there were a total of 33 individuals with 
postcranial lesions (Figure 30).  Of these individuals, 91% (N=30/33) are lay 
persons (2 young adult males, 16 middle adult males, 6 older adult males, 1 young 
adult female, 4 middle adult females, and 1 older adult female) and 9% (N=3/33) 
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are monks/beneficiaries (1 young adult male, 2 middle adult males) (Figures 31-
33).  
 
Figure 30: Number of individuals with postcranial lesions 
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Figure 31: Demographic distribution of postcranial lesions by age and status 
 
 
Figure 32: Demographic distribution of postcranial lesions by sex and status 
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Figure 33: Postcranial lesions by sex, age, and status 
X² tests of Independence of Sets of Criteria 
 Three Chi-square tests of independence were run in SPSS using the cross 
tabulation variables of sex, age, status, and leprosy (Appendix C).  Each test was 
conducted with an alpha level of 0.05, indicating that if the resulting variable 
probability was greater than the p value at the respective degree of freedom 
(p>0.05) then the null hypothesis should be accepted; should the resulting value 
be less than the p value (p<0.05), then there would be a significant relationship 
between the tested sets of criteria.   
 The first test (Tables 1-2) analyzed the probability of there being a 
significant relationship between sex and leprosy.  The sample (N=276) included 
197 males and 79 females, of which 47 (39 males, 8 females) were reported to 
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have osteological evidence of leprosy.  A two-sided test was run with one degree 
of freedom because, while there is some clinical data to suggest there is 
immunological bias between the sexes and leprosy, there is not sufficient data to 
suggest that there was sufficient bias between men and women with medieval 
leprosy.  A one-sided test was run with one degree of freedom because there is 
clinical and paleopathological evidence to suggest males are more prone to 
disease infection.  As can be seen in the frequencies tabulated in Table 2, there 
is/not a significant relationship between sex and leprosy, X
2 
(1, N=276) = 0.075, 
0.036, p ><0.05. 
Table 1: Sex  and Leprosy Cross tabulation 
 leprosy Total 
1 No 2 Yes 
Sex 
1 M 
Count 158 39 197 
% within sex 80.2% 19.8% 100.0% 
2 F 
Count 71 8 79 
% within sex 89.9% 10.1% 100.0% 
Total 
Count 229 47 276 
% within sex 83.0% 17.0% 100.0% 
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Table 2: Chi-Square Tests for Sex and Leprosy 
 Value df Asymp. Sig. 
(2-sided) 
Exact Sig. 
(2-sided) 
Exact Sig. 
(1-sided) 
Pearson Chi-Square 3.732
a
 1 .053 .075 .036 
Continuity Correction
b
 3.079 1 .079   
Likelihood Ratio 4.057 1 .044 .054 .036 
Fisher's Exact Test    .075 .036 
Linear-by-Linear 
Association 
3.719
c
 1 .054 .075 .036 
N of Valid Cases 276     
 
 The second test (Tables 3-4) analyzed the probability of there being a 
significant relationship between age and leprosy.  The sample (N=276) included 
72 young adults, 161 middle adults, and 43 older adults, of which 47 (8 young 
adults, 29 middle adults, 10 older adults) were reported to have osteological 
evidence of leprosy.  A one-sided test was run with two degrees of freedom 
because evidence suggests that leprosy becomes more prevalent with age.  As can 
be seen in the frequencies tabulated in Table 4, there is not a significant 
relationship between sex and leprosy, X
2 
(2, N=276) = 0.053, p >0.05.  However, 
it should be noted that while this relationship is not statistically significant it is an 
indication that leprosy prevalence does indeed increase with age. 
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Table 3: Age  and Leprosy Cross tabulation 
 leprosy Total 
1 No 2 Yes 
Age 
1 Young 
Count 64 8 72 
% within Age 88.9% 11.1% 100.0% 
2 Middle aged 
Count 132 29 161 
% within Age 82.0% 18.0% 100.0% 
3 Old 
Count 33 10 43 
% within Age 76.7% 23.3% 100.0% 
Total 
Count 229 47 276 
% within Age 83.0% 17.0% 100.0% 
 
Table 4: Chi-Square Tests for Age and Leprosy 
 Value df Asymp. Sig. 
(2-sided) 
Exact Sig. 
(2-sided) 
Exact Sig. 
(1-sided) 
Pearson Chi-Square 3.075
a
 2 .215 .227  
Likelihood Ratio 3.180 2 .204 .201  
Fisher's Exact Test 3.141   .210  
Linear-by-Linear 
Association 
3.032
b
 1 .082 .102 .053 
N of Valid Cases 276     
 
The third test (Tables 5-6) analyzed the probability of there being a 
significant relationship between social status and leprosy.  The sample (N=276) 
87 
 
included 46 high status individuals (monks, laybrothers, and beneficiaries) and 
230 lay people, of which 47 (5 high status, 42 lay people) were reported to have 
osteological evidence of leprosy.  A two-sided test was run with one degree of 
freedom because there is little evidence to indicate bias based on status in rural 
populations.  As can be seen in the frequencies tabulated in Table 6, there is not a 
significant relationship between social status and leprosy, X
2 
(1, N=276) = 0.285, 
p >0.05.  
Table 5: Status and Leprosy Cross tabulation 
 leprosy Total 
1 No 2 Yes 
Status 
1 lay 
Count 188 42 230 
% within status 81.7% 18.3% 100.0% 
2 high 
Count 41 5 46 
% within status 89.1% 10.9% 100.0% 
Total 
Count 229 47 276 
% within status 83.0% 17.0% 100.0% 
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Table 6: Chi-Square Tests for Status and Leprosy 
 Value df Asymp. Sig. 
(2-sided) 
Exact Sig. 
(2-sided) 
Exact Sig. 
(1-sided) 
Pearson Chi-Square 1.482
a
 1 .223 .285 .158 
Continuity Correction
b
 1.005 1 .316   
Likelihood Ratio 1.625 1 .202 .285 .158 
Fisher's Exact Test    .285 .158 
Linear-by-Linear 
Association 
1.477
c
 1 .224 .285 .158 
N of Valid Cases 276     
 
Demographics of Leprosy 
 Based on the paleopathological analysis of this sample, the skeletal 
evidence of leprosy was observed in 17% (N=47/267) of the tested sample and 
overall 15% of the sample selected.  Of the entire sample, less than 1% (N=4/311) 
had both cranial and postcranial lesions.  The results show that males were 
significantly more likely to have skeletal manifestations of leprosy than females 
(83% males, 17% females).  Between age groups, there were a disproportionately 
higher number of middle aged adults and the results showed that this group was 
most likely to have skeletal manifestations of leprosy (17% young adults, 62% 
middle adults, 21% older adults).  Also there were a disproportionately large 
number of lay persons to monks and beneficiaries, resulting in a higher number of 
lay persons with leprotic lesions than monks and beneficiaries (89% lay persons, 
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11% monks/beneficiaries).  The demographic group that had the most prevalent 
frequency of leprosy was middle aged lay males (47%), followed by older aged 
lay males (17%) (Table 7).  
Table 7: Demographic frequencies of leprosy of Øm Kloster sample 
 Young  Middle Old 
Lay Males 5 22 8 
Lay Females 1 5 1 
Monk/Beneficiary 
Males 
1 2 1 
Monk/Beneficiary 
Females 
1 0 0 
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Chapter 5: DISCUSSION 
 Paleopathology correctly presupposes a direct relationship between lesions 
observed in an individual skeleton and the health status of that individual around 
the time at death. Many paleopathologists goes the erroneous step further and 
assumes that statistics calculated from a skeletal sample has direct bearing on 
health status of the past population. However, that is a fundamental problem 
because demographic non-stationarity, selective mortality, and hidden 
heterogeneity in risks confounds the relationship between lesion/disease 
frequencies observable in skeletal samples and the health and wellbeing of the 
once living population valid interpretations cannot be derived from comparing 
raw frequencies (Wood et al. 1992).  With specific interest in determining 
frequencies of leprosy in archaeological samples, it difficult to determine exactly 
how many among the living individuals suffered from infection as everyone in the 
population may have carried the bacterium but may not have reacted 
osteologically due to differential immune responses based on sex, age of 
transmission, social status, and yet unknown genetic factors.  According to 
modern studies, there might be ten times more individuals in a population infected 
with M. leprae than those who actually suffered from leprosy.  For obvious 
reasons, this cannot be the case for the dead.  Therefore, what can be discussed 
with paleopathological examination is the frequency of osteological modifications 
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due to disease infection and this can in turn be used to describe general health 
inferences among the living in medieval populations.  In order to reach valid, 
unbiased and un-confounded conclusion about the health dynamics of life, disease 
and the risk of dying with and without the disease must be understood. 
Leprosy of Øm Kloster 
 If the results of this present study were to be generalized, nearly everyone 
in the general population at the time period that the cemetery was active may have 
been infected and as many as 17% of the testable skeletal sample appeared to 
have clinical manifestations of leprosy.  Due to the exclusion of poorly preserved 
skeletons and selected sample size, it is entirely possible that there is a higher 
prevalence of leprosy than was observed.  Of the observed individuals with 
leprotic lesions, only one individual had a severe case of rhinomaxillary syndrome 
accompanied with typical accelerated postcranial lesions of the hand and foot.  
While cases such as these are often seen in leprosaria cemeteries and are textbook 
examples of leprosy, this study shows that such accelerated pathological 
modifications are not typical of rural medieval sites due to the long incubation 
period of the disease and the relative age in which people died.  This was 
probably also influenced by the fact that these individuals were cared for in a 
hospital environment while the facilities at Øm Kloster did not function as such 
and those who worked in the facility only provided basic care to the poor and sick 
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(Gregersen and Jensen 2003).  It is likely that those who died with manifestations 
of leprosy died of other causes, e.g. tuberculosis or acute infectious diseases like 
influenza. 
Sex 
 The sample taken from Øm Kloster represented approximately a third of 
the excavated population with 311 individuals from a possible total of 922 
individuals.  It was observed that there was a disproportionate number of males in 
the sample (63%) and, of the entire population, adult males comprised roughly 
42% (N=384/922) of the excavated individuals while adult females comprised 
only 13% (N=118/922).  However, the results generated in Tables 1 and 2 
indicate that there is no statistically significant relationship between sex and 
leprosy and these findings further reflect some of the other paleopathological 
studies conducted on Danish leprosy collections (Boldsen 2008; Boldsen and 
Milner 2012).  It is because there is discontinuity between studies that examined 
prevalence in leprosy with respect to sex that a two-sided test was run and the 
results showed that sex did not influence the frequency of those who died with 
osteological evidence of infection.  As the population is from a rural community, 
it is expected that there was little distinction between the daily lives of men and 
women and that disease transmission was not evaded due to gender roles.  As for 
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immunological bias, the frequency of disease was so low that evidence of this 
would not be evident in this sample.  
Age 
 Data from the examined sample revealed that 23% were classified as 
young adults, 52% were classified as middle-aged adults, and 14% were classified 
as older adults with the remaining 11% being indeterminate.  Based on tabulations 
from Tables 3 and 4, it is evident that there is no strong relationship between age 
and leprosy; although the results of this test were not significant proof, there is an 
indication that leprosy prevalence does increase with age.  Based on the 
examinations of RMS and postcranial lesion frequency, it is evident that there are 
signifcantly more affected adults in the middle and older adult age ranges.  As the 
age at death for the majority of the once-living population was between these two 
age ranges and it is known that leprosy symptoms become more evident after a 
long incubation period since childhood exposure, it is indicative that leprosy 
prevalence does increase with age although it may not be significant in this 
sample as no large number of individuals at a single time were affected.  
Status 
  Very rarely are there medieval skeletal samples with definitive 
information on the social status of the individuals buried and for this reason Øm 
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Kloster is unique.  Based on the information collected on burial location, it was 
possible to determine which individuals were lay persons of the surrounding rural 
communities or were buried at the abbey as monks, lay brothers, or wealthy 
beneficiaries and their families. Of the excavated population, 78% (N=717/922) 
were buried in northern and eastern cemeteries designating them as lay persons, 
22% (N=199/922) were buried within the abbey walls or the cloisters designating 
them as monks or beneficiaries, and there were 6 individuals without a secure 
context.  In the sample, 85% (N=265/311) were designated as lay persons and 
15% (N=46/311) were designated as monks or beneficiaries which closely reflects 
the larger population.  Due to the disproportionately larger number of lay persons 
to monks and beneficiaries and to the higher level of exposure to disease, it was 
hypothesized that there would be more lay persons with leprotic lesions than 
monks and beneficiaries.  The tabulations from Tables 5 and 6 illustrate that there 
is not a statistically significant relationship between social status and leprosy in 
spite of there being a higher number of lay individuals with leprotic lesions than 
high status.   
Aside from the sheer difference in number of lay persons and monks and 
beneficiaries buried, the lack of strength in the relationship between social status 
and leprosy may suggest that there was little differential susceptibility to disease 
based on social status in rural communities.  Beneficiaries and high status 
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individuals were buried at the abbey for financial gifts made during their life and 
it is suggested that these individuals had an elevated social status based on 
occupation or political power within the community. However, based on skeletal 
examinations of beneficiaries buried at Øm Kloster and those of lay persons, there 
does not appear to be a significant difference between them in terms of genetics or 
skeletal morphologies; therefore, suggesting that geographic distance was 
connected with biological distance and that they may not have been socially 
separated, thereby not distancing them from exposure to disease (Mollerup 2014).  
The only group that may have been socially segregated from disease exposure 
were the Cistercian monks and the lay brotherhood because they observed the 
Rule of St. Benedict, which encouraged spiritual seclusion and dissociation from 
worldly conditions; therefore, also isolating them from exposure to chronic 
infectious diseases such as leprosy (Gregersen and Jensen 2003).  However, the 
monks of Øm Kloster did conduct welfare work for the sick, the poor, and for 
travelers which may have exposed them to disease.  It is therefore reasonable to 
expect that everyone may have been infected as there was no strict segregation of 
social classes. 
Other Pathologies at Øm Kloster 
 The selected sample was also examined for other skeletal pathologies 
related to dental health, malnutrition, stress, and trauma for the purpose of 
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illustrating the general state of health of the population buried at Øm Kloster.  
Overall, there were a high number of individuals with dental pathologies, 
vertebral and joint diseases, and skeletal modifications associated with 
malnutrition and metabolic disorders.  Very few individuals had skeletal 
modifications consistent with antemortem trauma and there was no evidence of 
perimortem trauma visible on any of the remains.   
Dental Pathologies 
 Dental pathologies were limited to dental attrition, dental caries, dental 
calculus, gingivitis and periodontal disease, linear enamel hypoplasia, and 
supernumerary teeth.  Almost all individuals had minor to severe dental attrition.  
Dental attrition is a well-known phenomenon in archaeological skeletons and it 
has been associated with biological aging and with diet (Ortner 2003).  Finding 
extensive dental attrition in this sample was not unexpected.  Dental caries were 
limited to a few young adult individuals who had not developed a significant 
amount of dental attrition, which ground away occlusal surfaces before caries 
could develop.  The occurrence of dental caries was not significant.  Dental 
calculus is often associated with gingivitis and periodontal disease and occurred 
frequently in the sample with general resorption of the alveolar bone of the 
maxilla and mandible and antemortem tooth loss.  These pathologies occurred 
throughout the sample regardless of sex, age, or status.  Linear enamel hypoplasia 
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(LEH) was visible on only three individuals on the frontal incisors and these 
typically give an indication of the overall health and stress levels of the 
population (Ortner 2003).  Supernumerary teeth were a rare occurrence in this 
sample and occurred in the maxilla in all four individuals.  
Cribra Orbitalia and Porotic Hyperostosis  
 Porotic hyperostosis of the cranial vault (Cribra cranii) and of the orbital 
roof (Cribra orbitalia) was observed in several individuals that were young adults 
and residual porotic hyperostosis was observed in several middle adults.  These 
changes have been associated with several diseases and metabolic conditions 
including anemia, hematomas, vitamin C deficiency, and childhood nutritional 
stress (Ortner 2003).  In total, there were 38 individuals observed with porotic 
hyperostosis of the orbital roof and five individuals with porotic hyperostosis of 
the cranial vault.  
Vertebral Pathologies 
 Vertebral pathologies were observed in almost every individual with less 
than ten exceptions.  Pathologies of the spine included osteoarthritis, sacralized 
lumbar vertebrae, and spina bifida.  Spinal osteoarthritis is evident in over fifty 
individuals with vertebral pathologies and this is marked by the presence of 
osteophytic lipping on the margins of the vertebral bodies, Schmorl’s nodes, 
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fusion of several vertebrae (marginal DISH) and collapsed intervertebral discs, 
macroporisity and bone destruction.  Osteoarthritis was primarily seen in older 
adults, mostly lay and monk/beneficiary males.  Sacralization of the fifth lumbar 
vertebra was found in eight individuals and this was typically accompanied with 
other vertebral pathologies, such as osteoarthritis.  Spina bifida was observed in 
eight individuals and this pathology is typically found in varying degrees in 
archaeological populations (Ortner 2003).   
Trauma and other conditions 
 Evidence of antemortem trauma was observed in four individuals from the 
sample. Each case was a healed fracture of a lower limb long bone and they 
observed in middle aged males.  Three individuals appeared to have small healed 
trepanations on the frontal or parietal bones; however, these may have been due to 
another unknown pathological modification.  The low frequency of antemortem 
trauma is consistent of a rural agrarian and monastic population.  In terms of other 
diseases or conditions, three individuals had pathologies consistent with metabolic 
disorders and two individuals had pathologies commonly associated with 
tuberculosis; however, the observations made on these individuals are not 
conclusive diagnoses.   
Overall Frequency of Disease and Health 
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 In sum of the above discussions, leprosy was visible skeletally in a small 
percentage of the examined population and, while the frequency may seem low, it 
is most likely that the bacterium infected the majority of the population. Due to 
factors such as demographic non-stationarity, selective mortality, and hidden 
heterogeneity in risks, it is challenging to ascertain any absolutely frequency of 
disease or even project an accurate understanding of the health of the population 
(Wood et al. 1992).  However, at it must be that being affected by leprosy did 
increase the risk of dying and given that people often first came down with 
leprosy in mid-adulthood, it seems safe to conclude that the frequency of leprosy 
was lower in the once living population than found among the dead, in these 
analyses.  
In terms of general health, it would appear that the population buried at 
Øm Kloster dealt with high physical stress which led to pathological 
modifications to the skeleton, primarily the spine and long bones.  These 
pathologies, along with those indicative of nutritional stress and trauma, are 
typical of medieval rural societies that had an agrarian lifestyle (Ortner 2003).  Of 
the sample, very few individuals showed signs of other diseases or deficiencies.  
The survivorship of the population is also quite high as the majority of adults 
lived into their middle adult years without significant signs of trauma or disease. 
In conclusion, the population at Øm Kloster was generally in good health and, 
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while they may have carried M. leprae, there were not at any one time a high 
number of individuals affected by leprosy in the community.  
Comparison of leprosy frequency at Øm Kloster and Tirup 
 Examination of skeletal samples from Øm Kloster and another regionally 
representative site illustrate consistency in disease frequency within similar 
medieval populations in Central Jutland.  The Tirup cemetery contains burials 
extending from 1150-1350 A.D. and served as the only burial place for the village 
that appeared to have a population at any time around 75 people (Boldsen 2001).  
Tirup was a rural village located in the northeastern region of Central Jutland, 
approximately 32 kilometers south of Øm Kloster.  In the study conducted by 
Boldsen (2001), 135 skeletons were examined from 622 known burials for leprosy 
by scoring seven different dichotomous osteological lesions and transforming 
them into a statistic, λ, indicating the likelihood that the person to whom the 
skeleton belonged suffered from leprosy.  The results showed that there was a 
prevalence of leprosy among adult individuals buried at Tirup of 26% (95% 
confidence interval, 17-35%).  Based on the statistic Boldsen utilized, people who 
died with signs of leprosy did not differ in the distribution of age at death from 
those who did not have such signs; this conclusion is consistent with the results 
found at Øm Kloster.  The geographic and temporal settings between these two 
sites are similar and, while there has not been a precise breakdown of the specific 
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age and sex distribution of leprotic lesions in the Tirup collection, the resulting 
frequencies of leprosy in the adult populations are comparable; therefore, it can be 
concluded that Øm Kloster is a regionally representative site for the medieval 
Central Jutland and can be utilized in further regional studies.   
Research Challenges and Considerations 
 The challenges that come with paleopathology and paleodemography are 
concerned with the measurements and interpretation of differences of health in 
past populations.  Primarily, the issues surrounding the mortality and morbidity of 
past populations stems from three fundamental conceptual problems: 
demographic non-stationarity, selective mortality, and hidden heterogeneity in the 
risks of disease and death (Wood et al. 1992).  Furthermore, issues with 
preservation of skeletal collections and methods of measuring skeletal lesions can 
be problematic when trying to determine frequencies of diseases such as leprosy.  
In this analysis, a major concern was the utilization of modern aging methods 
with medieval samples as it has been noted that individuals matured at a different 
rate than those that modern aging methods are based on; therefore, individuals 
may have actually been younger than they were estimated (Boldsen 2014, 
personal communication).  
Leprosy and the Osteological Paradox 
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 Prior to conducting this research project, it was important to consider the 
issues of paleopathology and paleodemography when discussing the health of past 
populations.  Fortunately with this particular project, there was a plethora of 
literary and archaeological data to support the prevalence of disease in medieval 
populations.  However, while leprosy is a well-known and still clinically 
researched disease, it is next to impossible to determine absolute frequencies of 
the disease in skeletal populations due to the nature of the disease.  Some of the 
considerations that are discussed in Wood and colleagues’ paper on the 
osteological paradox are demographic non-stationarity, selective mortality, and 
hidden heterogeneity in the risks of disease and death.   
As was previously discussed, it would appear that the biological distance 
in this population was limited as individuals of different social statuses contained 
similar genetic makeup and thus demographic non-stationarity may not have been 
a confounding issue in this project; this concept is more of an issue for 
demographic studies rather than ones such as this which focus on paleopathology 
(Gregersen and Jensen 2003).  Selective mortality was a major consideration for 
this project as the entire population may have carried the bacterium while only a 
select few were affected and the disease did not necessarily affect the risk for age 
at death.  There were several other factors that contributed to the age at death for 
the population, including other diseases, stress, trauma, and natural death.  The 
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issue with this is that estimations of population prevalence of lesions from skeletal 
series is subject to selectivity bias as the data from the sample may not be 
representative of the entire population at risk and with leprosy it becomes an issue 
of frequency as the entire population may have carried the bacterium but only a 
select few may have been in the condition to develop lesions.  This is the issue of 
hidden heterogeneity, in which individuals in the population varied in their 
underlying frailty or susceptibility to disease and death.  As has been discussed in 
the previous research, clinical and bioarchaeological studies have shown that 
there is a difference in frailty between males and females when it comes to certain 
diseases and this may be due to autoimmunity or to cultural constructs (Klein 
2000; Oliveira 1997; Ortner 1998; Peters and Eshiet 2002; Rubtsov et al. 2010).   
Very rarely can studies on medieval diseases account for these issues in 
order to ascertain mortality and morbidity in past populations and such are limited 
to examinations of diseases like the Black Death, in which the epidemic killed 
more or less indiscriminately (DeWitte 2009 and 2010).  With specific interest to 
leprosy, this project was designed to examine the frequency of leprotic lesions to 
determine the percentage of individuals who died with physical manifestations of 
the disease with the awareness that the results would only portray an 
approximation and not an absolute frequency.  While this is the unfortunate nature 
of paleopathology, the results of this study expand the understanding of leprosy in 
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rural populations in medieval Denmark. In general if ones aim is to get 
information about health and wellbeing as experienced by people in the past one 
should exceed beyond the boundaries of paleopathology and start to do 
paleoepidemiological research as defined by Boldsen and Milner (2012) 
Preservation of the Collection and Methodology 
 Major considerations for this study were the acceptable level of 
preservation and completeness of the collection and the chosen methodology for 
examining leprotic lesions.  Since M. leprae primarily affects the central cavities 
of the bones of the hands and feet, along with the distal tibia and fibula, and the 
osseous tissue associated with the oronasal soft tissue of the face, there are 
specific skeletal elements that must be present in order to ascertain any significant 
level of pathological change associated with leprosy.  When it came to selecting 
individuals for the tested sample, the level of acceptable preservation and 
completeness was difficult to determine.  The issue with bioarchaeological 
collections is that for the most part they are not ideally preserved or complete due 
to poor excavation practices, taphonomic alterations, grave robbing, or repeated 
poor handling by examiners.  Many of the sets of the remains were either lacking 
crania or consisted of only crania without any associated postcranial elements.  
Poor preservation of some remains made it impossible to determine sex or age 
and therefore these individual were excluded from the final analysis.  For many 
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cases, hand and foot bones were incomplete or the face was separated from the 
remainder of the cranium.  In the end, these factors made it difficult to have a 
larger testable sample.  
 The methodology chosen to examine leprotic lesions and determine the 
presence of leprosy was based on multiple sources rather than one method.  
Utilizing criteria from Boldsen, Manchester, and Roberts, the method employed 
in this analysis considered all possible leprotic lesions equally rather than 
weighing one lesion over the other; with this in mind, criteria for acceptable 
scenarios of leprotic lesions were decided in order to avoid misdiagnosis (Boldsen 
2001; Manchester 2011; Roberts 2002).  This effort was made to avoid 
differential diagnosis of other pathologies that may have been related to stress or 
trauma and this has been an issue in past examinations of rhinomaxillary 
syndrome in archaeological samples (Cook 2002).  It was also important to 
remember that estimating the absolute frequency of leprosy was outside of the 
realm of this project due to the restrictions on time, condition and availability of 
the collection and the very nature of the disease preventing an absolute frequency 
output.  The most challenging aspect of the project was remaining realistic about 
the limitations of paleopathological analysis. 
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Chapter 6: CONCLUSION 
 Through the combination of paleopathological methods and historical 
analysis, this project established a thorough paleopathological profile of leprosy 
of individuals buried at Øm Kloster based on sex, age, and social status.  
Furthermore, this analysis expanded upon the growing literature on medieval 
Danish leprosy and the regional distribution of leprosy in rural populations.   
Leprosy at Øm Kloster 
 The objectives of this analysis were to determine the demographic 
composition of a large sample from the excavated population at Øm Kloster and 
conduct a paleopathological analysis of the skeletal remains to determine the 
overall frequency of leprosy in adults based on sex, age, and social status from 
burial location.  Taking an integrative methodological approach, a total of 311 
individuals were selected for sex and age estimation followed by an evaluation of 
leprotic lesions of the cranial and postcranial skeleton.  Of the selected sample, 
276 individuals were used in the statistical analysis.  Chi-square tests of 
independence were run to determine if there was a relationship between the 
frequency of leprotic lesions and groups divided by sex, age, and social status.  
The results showed that there was a not a statistically significant relationship 
between any of the variables with the exception of age, as there is indication that 
disease prevalence increased with age.  Overall, the frequency of leprotic lesions 
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in the general population was so low that no statistically significant relationships 
would be evident on a larger scale even while there may have been a higher 
number of individuals within groups with lesions (males over females, middle and 
older adults, and lay people).  Ultimately, this study reflects that disease may have 
been much more prevalent than was osteologically visible and that absolute 
disease frequencies are not possible to determine; however, the study of lesion 
frequencies does present evidence to determine general disease prevalence in past 
populations and to gain data on the overall health of a regionally representative, 
non-leprosarium cemetery site.  These results illustrate a demographic picture of 
how leprosy may have appeared in a rural community during the Middle Ages in 
Central Jutland.  
 The historical accounts from the monastic order at Øm Kloster describe a 
spiritual secluded life, of isolation from worldly conditions in order to draw 
nearer to God.  They also describe a life of service to the sick and the poor and 
administration and education to the surrounding communities (Gregersen and 
Jensen 2003).  The paleopathological indicators of stress show that the people 
who lived in the surrounding communities practiced agriculture, which is still 
done in present day populations in Central Jutland, and while there were signs of 
disease, the population was primarily healthy.  The vast number of lay burials in 
the northern and eastern cemeteries illustrate that Øm Kloster was an important 
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abbey during the medieval period and it is still considered one of the most 
historically influential monastic centers in all of Denmark.  This research is 
significant not only because it adds to the pool of literature on Danish leprosy but 
it also presents another page in the chronicle of the people who lived and were 
buried at Øm Kloster.  
Danish leprosy and rural monastic sites 
 The majority of published literature on leprosy in medieval Denmark is 
derived from archaeological excavations of sites with known leprosy and these 
reports have been the foundation of paleopathological studies for the evaluation, 
recognition, and diagnosis of skeletal leprosy.  However, there have few 
publications on rural non-leprosarium sites throughout Denmark and this study 
provides an opportunity to explore the prevalence of leprosy in a well-known 
rural monastic site and compare it the published data of another rural site.  The 
nearby site of Tirup provided a unique opportunity to compare frequencies of 
leprosy in the buried adult population.  Both Øm Kloster and Tirup contained 
burials of rural, village populations in the eastern part of Central Jutland and were 
dated to have been active during the Middle Ages (1050-1536 A.D.).  Based on 
this analysis, Øm Kloster had a slightly lower prevalence of leprosy but it fell 
within the expected range of frequency found in rural sites.  With these results, it 
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was concluded that Øm Kloster is regionally and temporally representative of a 
rural, non-leprosarium site with individuals that suffered from leprosy.   
Direction for Future Study 
 Denmark has numerous skeletal collections for bioarchaeological analysis 
and utilizing these well-documented, well-preserved collections to examine 
ancient diseases, such as leprosy, would significantly enrich the growing field of 
paleopathology and the more recently defined field of paleoepidemiology.  
Expanding the paleopathological knowledge of different temporal and 
geographical populations in Denmark would provide a more comprehensive view 
of medieval health in Scandinavia as well as add to or contest previous data on 
osteological analyses of leprotic lesions.  Increasing the knowledge of past health 
on well-known sites or reevaluating previously examined sites with new methods 
of lesion analysis would further expand the view of leprosy in Scandinavia as well 
in other countries with known leprosy sites.   
 Øm Kloster, as well as being an important historical center and 
bioarchaeological site, has a large, well-documented skeletal collection with 
unlocked potential for future research.  While leprosy was the focus of this 
analysis, the skeletal population illustrated many pathologies associated with 
stress and nutrition.  With the exception of archaeological reports and historical 
documents, no research has been conducted or published on the nutrition or stress 
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levels of the monastic population at Øm Kloster or the surrounding rural 
communities.  The Cistercian lifestyle is well documented in iconography and 
abbey chronicles and future research on skeletal signs of stress and nutrition of 
monk burials would further add to the data on monastic health.  Further research 
on the biodistance of lay person burials would also be of interest to understanding 
the mobility and matrimonial patterns in medieval rural Denmark.  Lastly, recent 
advances in coding ancient DNA evidence of leprosy in skeletal samples could be 
useful in future studies of past health in medieval Denmark.  
  
 
 
 
 
 
 
 
 
111 
 
APPENDIX A: SKELETAL ANALYSIS FORM 
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APPENDIX B: DATA COLLECTION SPREADSHEET 
Site Specimen No. 
Prov - Grave 
Number Sex Age 
Social Status 
from Burial 
Location 
RMS 
presence  Postcranial 
Øm 
Kloster X56 
 
2 0 0 0 0 
Øm 
Kloster V  
 
1 1 0 0 0 
Øm 
Kloster 4K9 897 2 1 0 0 0 
Øm 
Kloster G=A 117 1 2 0 0 0 
Øm 
Kloster X29 
 
1 2 0 0 0 
Øm 
Kloster X28 
 
1 2 0 0 0 
Øm 
Kloster Fallesgrav 9018-1 1 2 0 0 0 
Øm 
Kloster X33 
 
1 2 0 0 0 
Øm 
Kloster Fallesgrav   9004-1 1 2 0 0 0 
Øm 
Kloster 
Fallesgrav 2 
Kraner1936 9008-3 1 2 0 1 0 
Øm 
Kloster MVI 98 2 2 0 0 0 
Øm 
Kloster 3H 26 1 3 0 0 0 
Øm 
Kloster 8D3 649 0 0 1 0 0 
Øm 
Kloster 7L4 459 1 0 1 0 0 
Øm 
Kloster 7N4 463 1 0 1 0 0 
Øm 
Kloster 5R5 
 
1 0 1 0 0 
Øm 
Kloster 8B4 
 
1 0 1 0 0 
Øm 
Kloster 8N1 566 1 0 1 0 0 
Øm 
Kloster 7Ø 353 2 0 1 0 0 
Øm 
Kloster 7V1 378 2 0 1 0 0 
Øm 
Kloster 5Æ5 308 2 0 1 0 0 
Øm 
Kloster 5S2 221 2 0 1 0 0 
Øm 
Kloster 4N4 773 2 0 1 0 0 
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Øm 
Kloster 8K4 685 2 0 1 0 0 
Øm 
Kloster 4S3 764 2 0 1 0 0 
Øm 
Kloster 8Y2 638 2 0 1 0 0 
Øm 
Kloster 7E 336 2 0 1 0 0 
Øm 
Kloster 8K2 616 0 1 1 0 0 
Øm 
Kloster 7S 346 1 1 1 0 0 
Øm 
Kloster 5Æ4 284 1 1 1 0 0 
Øm 
Kloster 5Ø1 206 1 1 1 0 0 
Øm 
Kloster 5F5 
 
1 1 1 0 0 
Øm 
Kloster 5Ø3 
 
1 1 1 0 0 
Øm 
Kloster 4H2 
 
1 1 1 0 0 
Øm 
Kloster 4O3 
 
1 1 1 0 0 
Øm 
Kloster 7M5 496 1 1 1 0 0 
Øm 
Kloster 9D 86 1 1 1 0 0 
Øm 
Kloster 7N3 426 1 1 1 0 0 
Øm 
Kloster 7A4 440 1 1 1 0 0 
Øm 
Kloster 7K5 491 1 1 1 0 0 
Øm 
Kloster 7S5 504 1 1 1 0 0 
Øm 
Kloster 8M1 571 1 1 1 0 0 
Øm 
Kloster 8B2 593 1 1 1 0 0 
Øm 
Kloster 8N3 657 1 1 1 0 0 
Øm 
Kloster 4C3 769 1 1 1 0 0 
Øm 
Kloster 8P5 12 1 1 1 0 0 
Øm 
Kloster 8O4 690 1 1 1 0 0 
Øm 
Kloster 8C4 677 1 1 1 0 0 
Øm 
Kloster 8U4 697 1 1 1 0 0 
Øm 
Kloster 4F3 756 1 1 1 0 0 
Øm 
Kloster A1 860 1 1 1 0 0 
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Øm 
Kloster 4Y 138 1 1 1 0 0 
Øm 
Kloster 5Ø6 30 1 1 1 0 0 
Øm 
Kloster 7H3 416 1 1 1 0 0 
Øm 
Kloster 7R3 428 1 1 1 0 0 
Øm 
Kloster 7H5 490 1 1 1 0 0 
Øm 
Kloster 7O5 501 1 1 1 0 0 
Øm 
Kloster 8M 535 1 1 1 0 0 
Øm 
Kloster 8J4 684 1 1 1 0 1 
Øm 
Kloster 7X 350 1 1 1 0 1 
Øm 
Kloster 7U1 377 1 1 1 1 0 
Øm 
Kloster 5L1/4L1 201 1 1 1 1 0 
Øm 
Kloster 8A4 676 1 1 1 1 0 
Øm 
Kloster 7Æ 352 2 1 1 0 0 
Øm 
Kloster 5N5 298 2 1 1 0 0 
Øm 
Kloster 5U2 225 2 1 1 0 0 
Øm 
Kloster 5O4 181 2 1 1 0 0 
Øm 
Kloster 4D1 125 2 1 1 0 0 
Øm 
Kloster 4L 127 2 1 1 0 0 
Øm 
Kloster 5H3 
 
2 1 1 0 0 
Øm 
Kloster 7X1 
 
2 1 1 0 0 
Øm 
Kloster 7D4 444 2 1 1 0 0 
Øm 
Kloster 7L3 422 2 1 1 0 0 
Øm 
Kloster 7J5 495 2 1 1 0 0 
Øm 
Kloster 8H 521 2 1 1 0 0 
Øm 
Kloster 8K1 564 2 1 1 0 0 
Øm 
Kloster 8D 518 2 1 1 0 0 
Øm 
Kloster 8F4 682 2 1 1 0 0 
Øm 
Kloster 8M5 715 2 1 1 0 0 
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Øm 
Kloster 4U 136 2 1 1 0 0 
Øm 
Kloster 8Æ 548 2 1 1 0 0 
Øm 
Kloster 8V1 563 2 1 1 0 0 
Øm 
Kloster 8T 545 2 1 1 0 0 
Øm 
Kloster 8R2 629 2 1 1 0 0 
Øm 
Kloster 5U3 251 2 1 1 0 1 
Øm 
Kloster 5M4 272 0 2 1 0 0 
Øm 
Kloster 4K1 143 0 2 1 0 0 
Øm 
Kloster ? with 468 and 482 0 2 1 0 0 
Øm 
Kloster 8U1 574 0 2 1 0 0 
Øm 
Kloster 8O1 9 0 2 1 0 0 
Øm 
Kloster 7Y1 380 1 2 1 0 0 
Øm 
Kloster 7A1 355 1 2 1 0 0 
Øm 
Kloster 7E1 365 1 2 1 0 0 
Øm 
Kloster 5H2 212 1 2 1 0 0 
Øm 
Kloster 5C3 233 1 2 1 0 0 
Øm 
Kloster 7A2 384 1 2 1 0 0 
Øm 
Kloster 7B2 386 1 2 1 0 0 
Øm 
Kloster 7L 341 1 2 1 0 0 
Øm 
Kloster 7P 344 1 2 1 0 0 
Øm 
Kloster 5O6 328 1 2 1 0 0 
Øm 
Kloster 7D 333 1 2 1 0 0 
Øm 
Kloster 5X5 306 1 2 1 0 0 
Øm 
Kloster 5L6 321 1 2 1 0 0 
Øm 
Kloster 5T4 278 1 2 1 0 0 
Øm 
Kloster 5U4 279 1 2 1 0 0 
Øm 
Kloster 5J3 238 1 2 1 0 0 
Øm 
Kloster 5Æ2 228 1 2 1 0 0 
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Øm 
Kloster 5A3 231 1 2 1 0 0 
Øm 
Kloster 4D4 165 1 2 1 0 0 
Øm 
Kloster 4P 132 1 2 1 0 0 
Øm 
Kloster 5B2 208 1 2 1 0 0 
Øm 
Kloster 5R 183 1 2 1 0 0 
Øm 
Kloster 5E3 151 1 2 1 0 0 
Øm 
Kloster 4F2 153 1 2 1 0 0 
Øm 
Kloster 4A4 157 1 2 1 0 0 
Øm 
Kloster 4H 123 1 2 1 0 0 
Øm 
Kloster 4K 128 1 2 1 0 0 
Øm 
Kloster 7K 
 
1 2 1 0 0 
Øm 
Kloster 8Æ3 
 
1 2 1 0 0 
Øm 
Kloster 7H2 391 1 2 1 0 0 
Øm 
Kloster 7J2 390 1 2 1 0 0 
Øm 
Kloster 7Y2 408 1 2 1 0 0 
Øm 
Kloster 7L2 392 1 2 1 0 0 
Øm 
Kloster 7M2 393 1 2 1 0 0 
Øm 
Kloster 7R2 400 1 2 1 0 0 
Øm 
Kloster 7E4 446 1 2 1 0 0 
Øm 
Kloster 7K4 457 1 2 1 0 0 
Øm 
Kloster 8L3 655 1 2 1 0 0 
Øm 
Kloster 8B1 554 1 2 1 0 0 
Øm 
Kloster 8F 523 1 2 1 0 0 
Øm 
Kloster 8R 546 1 2 1 0 0 
Øm 
Kloster 8B 519 1 2 1 0 0 
Øm 
Kloster 8F1 559 1 2 1 0 0 
Øm 
Kloster 8L1 569 1 2 1 0 0 
Øm 
Kloster 8Æ1 567 1 2 1 0 0 
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Øm 
Kloster 8E2 611 1 2 1 0 0 
Øm 
Kloster 8T4 696 1 2 1 0 0 
Øm 
Kloster 8Y3 670 1 2 1 0 0 
Øm 
Kloster 8L4 686 1 2 1 0 0 
Øm 
Kloster 8Y5 730 1 2 1 0 0 
Øm 
Kloster 8X5 729 1 2 1 0 0 
Øm 
Kloster 8?3 11 1 2 1 0 0 
Øm 
Kloster 4Y3 752 1 2 1 0 0 
Øm 
Kloster 8F5 709 1 2 1 0 0 
Øm 
Kloster 8T5 723 1 2 1 0 0 
Øm 
Kloster 4K3 765 1 2 1 0 0 
Øm 
Kloster 4J3 758 1 2 1 0 0 
Øm 
Kloster 4P3 762 1 2 1 0 0 
Øm 
Kloster 5X2 227 1 2 1 0 0 
Øm 
Kloster 5T 185 1 2 1 0 0 
Øm 
Kloster 5E1 198 1 2 1 0 0 
Øm 
Kloster 5F4 266 1 2 1 0 0 
Øm 
Kloster 5Y2 215 1 2 1 0 0 
Øm 
Kloster G37-XII 159 1 2 1 0 0 
Øm 
Kloster XX 108 1 2 1 0 0 
Øm 
Kloster 5L2 
 
1 2 1 0 0 
Øm 
Kloster 7P3 427 1 2 1 0 0 
Øm 
Kloster 7S4 468 1 2 1 0 0 
Øm 
Kloster 8V 553 1 2 1 0 0 
Øm 
Kloster 8Ø1 594 1 2 1 0 0 
Øm 
Kloster 8S2 627 1 2 1 0 0 
Øm 
Kloster 8D2 609 1 2 1 0 0 
Øm 
Kloster 8T1 582 1 2 1 0 0 
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Øm 
Kloster 8P1 577 1 2 1 0 0 
Øm 
Kloster 8X3 668 1 2 1 0 0 
Øm 
Kloster 8Æ2 641 1 2 1 0 0 
Øm 
Kloster 8N4 688 1 2 1 0 0 
Øm 
Kloster 8Ø2 644 1 2 1 0 0 
Øm 
Kloster 4V3 767 1 2 1 0 0 
Øm 
Kloster 7R 345 1 2 1 0 1 
Øm 
Kloster 7B1 356 1 2 1 0 1 
Øm 
Kloster 5P6 330 1 2 1 0 1 
Øm 
Kloster 7H 335 1 2 1 0 1 
Øm 
Kloster 5D6 314 1 2 1 0 1 
Øm 
Kloster 5C2 209 1 2 1 0 1 
Øm 
Kloster 5Ø2 230 1 2 1 0 1 
Øm 
Kloster 5L 179 1 2 1 0 1 
Øm 
Kloster 7D5 410 1 2 1 0 1 
Øm 
Kloster 8Y4 700 1 2 1 0 1 
Øm 
Kloster 8A5 702 1 2 1 0 1 
Øm 
Kloster 8X4 699 1 2 1 0 1 
Øm 
Kloster 4R4 777 1 2 1 0 1 
Øm 
Kloster 7D1 368 1 2 1 1 0 
Øm 
Kloster 5K5 
 
1 2 1 1 0 
Øm 
Kloster 8N3- not same as ADBOU 1 2 1 1 0 
Øm 
Kloster 8K 527 1 2 1 1 0 
Øm 
Kloster 8U3 665 1 2 1 1 0 
Øm 
Kloster 8H5 711 1 2 1 1 0 
Øm 
Kloster 7K 339 1 2 1 1 1 
Øm 
Kloster 8J5 712 1 2 1 1 1 
Øm 
Kloster 4N1 
 
1 2 1 2 1 
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Øm 
Kloster 7C1 360 2 2 1 0 0 
Øm 
Kloster 5D5 289 2 2 1 0 0 
Øm 
Kloster 5L5 295 2 2 1 0 0 
Øm 
Kloster 5C5 288 2 2 1 0 0 
Øm 
Kloster 5Y5 307 2 2 1 0 0 
Øm 
Kloster 5K4 269 2 2 1 0 0 
Øm 
Kloster 5S 184 2 2 1 0 0 
Øm 
Kloster 5B1 196 2 2 1 0 0 
Øm 
Kloster 5Æ3 255 2 2 1 0 0 
Øm 
Kloster 5K 180 2 2 1 0 0 
Øm 
Kloster 7F 
 
2 2 1 0 0 
Øm 
Kloster 7M 
 
2 2 1 0 0 
Øm 
Kloster 4M3 759 2 2 1 0 0 
Øm 
Kloster 7H4 454 2 2 1 0 0 
Øm 
Kloster 7O3 425 2 2 1 0 0 
Øm 
Kloster 7Y4 473 2 2 1 0 0 
Øm 
Kloster 7U4 476 2 2 1 0 0 
Øm 
Kloster 8Ø 7 2 2 1 0 0 
Øm 
Kloster 8L2 614 2 2 1 0 0 
Øm 
Kloster 4V2 743 2 2 1 0 0 
Øm 
Kloster 5S3 249 2 2 1 0 0 
Øm 
Kloster 8E1 552 2 2 1 0 0 
Øm 
Kloster 5T5 187 2 2 1 0 0 
Øm 
Kloster 4H4 167 2 2 1 0 0 
Øm 
Kloster 4E3 755 2 2 1 0 0 
Øm 
Kloster 8J 525 2 2 1 0 0 
Øm 
Kloster 8L 531 2 2 1 0 0 
Øm 
Kloster 8V3 667 2 2 1 0 0 
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Øm 
Kloster 8C5 707 2 2 1 0 0 
Øm 
Kloster 8R3 662 2 2 1 0 0 
Øm 
Kloster 4E4 164 2 2 1 0 1 
Øm 
Kloster 4F4 166 2 2 1 0 1 
Øm 
Kloster 7N5 499 2 2 1 0 1 
Øm 
Kloster 5B6 312 2 2 1 1 0 
Øm 
Kloster 7B 340 2 2 1 1 1 
Øm 
Kloster 5O5 299 1 3 1 0 0 
Øm 
Kloster 5L4 271 1 3 1 0 0 
Øm 
Kloster 5V3 253 1 3 1 0 0 
Øm 
Kloster 5N6 
 
1 3 1 0 0 
Øm 
Kloster 5C4 
 
1 3 1 0 0 
Øm 
Kloster 7Y3 435 1 3 1 0 0 
Øm 
Kloster 7J4 458 1 3 1 0 0 
Øm 
Kloster 7C5 479 1 3 1 0 0 
Øm 
Kloster 8X 547 1 3 1 0 0 
Øm 
Kloster 8U5 724 1 3 1 0 0 
Øm 
Kloster 4M4 771 1 3 1 0 0 
Øm 
Kloster 8C6 898 1 3 1 0 0 
Øm 
Kloster 4C4 161 1 3 1 0 0 
Øm 
Kloster 4H1 147 1 3 1 0 0 
Øm 
Kloster 7M4 462 1 3 1 0 0 
Øm 
Kloster 4T2 741 1 3 1 0 0 
Øm 
Kloster 4X3 768 1 3 1 0 0 
Øm 
Kloster 8F2 610 1 3 1 0 1 
Øm 
Kloster 5F6 317 1 3 1 0 1 
Øm 
Kloster 5J4 268 1 3 1 0 1 
Øm 
Kloster 5E2 211 1 3 1 0 1 
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Øm 
Kloster 8T3 663 1 3 1 0 1 
Øm 
Kloster 5S5 193 1 3 1 0 1 
Øm 
Kloster 8K3 
 
1 3 1 1 0 
Øm 
Kloster G40-XIII 162 1 3 1 1 0 
Øm 
Kloster 5E5 290 2 3 1 0 0 
Øm 
Kloster 5U5 304 2 3 1 0 0 
Øm 
Kloster 5B3 232 2 3 1 0 0 
Øm 
Kloster 4B4 160 2 3 1 0 0 
Øm 
Kloster 8M2 620 2 3 1 0 0 
Øm 
Kloster 8S5 722 2 3 1 0 0 
Øm 
Kloster 8D4 679 2 3 1 0 0 
Øm 
Kloster 5N3 242 2 3 1 0 0 
Øm 
Kloster 8Ø5 733 2 3 1 0 0 
Øm 
Kloster 4P4 775 2 3 1 0 0 
Øm 
Kloster 4S4 778 2 3 1 0 0 
Øm 
Kloster 4U2 742 2 3 1 0 1 
Øm 
Kloster 41E 903 0 1 2 0 0 
Øm 
Kloster 41K 
 
1 1 2 0 0 
Øm 
Kloster XIV 25 1 1 2 0 0 
Øm 
Kloster 7N1 90 1 1 2 0 0 
Øm 
Kloster 4E 5 1 1 2 0 0 
Øm 
Kloster 4D 4 1 1 2 0 0 
Øm 
Kloster 6E 900 1 1 2 0 0 
Øm 
Kloster IX 102 1 1 2 0 0 
Øm 
Kloster 4N2 17 1 1 2 0 0 
Øm 
Kloster M2 1976 GBN 804 1 1 2 0 1 
Øm 
Kloster X 105 2 1 2 0 0 
Øm 
Kloster 7N 
 
2 1 2 0 0 
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Øm 
Kloster 5T6 
 
2 1 2 0 0 
Øm 
Kloster 41L 57 2 1 2 0 0 
Øm 
Kloster 5B7 31 2 1 2 0 0 
Øm 
Kloster XVII 68 2 1 2 1 0 
Øm 
Kloster 7L1 95 1 2 2 0 0 
Øm 
Kloster 5A7 
 
1 2 2 0 0 
Øm 
Kloster 7F3 
 
1 2 2 0 0 
Øm 
Kloster 5Y6 
 
1 2 2 0 0 
Øm 
Kloster 4Ø1 
 
1 2 2 0 0 
Øm 
Kloster GA 
 
1 2 2 0 0 
Øm 
Kloster 4U1 48 1 2 2 0 0 
Øm 
Kloster XXII 59 1 2 2 0 0 
Øm 
Kloster 7B3 74 1 2 2 0 0 
Øm 
Kloster 5U6 23 1 2 2 0 0 
Øm 
Kloster 4A 37 1 2 2 0 0 
Øm 
Kloster 41D 904 1 2 2 0 0 
Øm 
Kloster 6K 892 1 2 2 0 0 
Øm 
Kloster 6F 893 1 2 2 0 0 
Øm 
Kloster C1 25 1 2 2 0 0 
Øm 
Kloster 7K1 94 1 2 2 0 0 
Øm 
Kloster 4O2 18 1 2 2 0 0 
Øm 
Kloster 41H 13 1 2 2 0 0 
Øm 
Kloster VII 59 1 2 2 0 0 
Øm 
Kloster XV 28 1 2 2 0 0 
Øm 
Kloster 6J 895 1 2 2 0 0 
Øm 
Kloster VIIIa 19 1 2 2 0 1 
Øm 
Kloster DKK17-IX 22 1 2 2 0 1 
Øm 
Kloster 7E3 78 2 2 2 0 0 
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Øm 
Kloster 7D3 77 2 2 2 0 0 
Øm 
Kloster 7C3 75 0 3 2 0 0 
Øm 
Kloster A20 
 
1 3 2 0 0 
Øm 
Kloster VIII.21 1965 
 
1 3 2 0 0 
Øm 
Kloster A257 880 1 3 2 0 0 
Øm 
Kloster 41J 30 1 3 2 1 0 
Øm 
Kloster 5V6 
 
2 3 2 0 0 
Øm 
Kloster 7O 93 2 3 2 0 0 
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APPENDIX C: CHI-SQUARE OUTPUT 
Crosstabs 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
sex * leprosy 276 100.0% 0 0.0% 276 100.0% 
 
sex * leprosy Crosstabulation 
 Leprosy Total 
1 No 2 Yes 
sex 
1 M 
Count 158 39 197 
% within sex 80.2% 19.8% 100.0% 
2 F 
Count 71 8 79 
% within sex 89.9% 10.1% 100.0% 
Total 
Count 229 47 276 
% within sex 83.0% 17.0% 100.0% 
 
Chi-Square Tests 
125 
 
 Value Df Asymp. Sig. 
(2-sided) 
Exact Sig. (2-
sided) 
Exact Sig. 
(1-sided) 
Pearson Chi-Square 3.732
a
 1 .053 .075 .036 
Continuity Correction
b
 3.079 1 .079   
Likelihood Ratio 4.057 1 .044 .054 .036 
Fisher's Exact Test    .075 .036 
Linear-by-Linear 
Association 
3.719
c
 1 .054 .075 .036 
N of Valid Cases 276     
 
Chi-Square Tests 
 Point Probability 
Pearson Chi-Square  
Continuity Correction
b
  
Likelihood Ratio  
Fisher's Exact Test  
Linear-by-Linear Association .022
c
 
N of Valid Cases  
 
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 13.45. 
b. Computed only for a 2x2 table 
c. The standardized statistic is -1.928. 
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Crosstabs 
 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
Age * leprosy 276 100.0% 0 0.0% 276 100.0% 
 
Age * leprosy Crosstabulation 
 Leprosy Total 
1 No 2 Yes 
Age 
1 Young 
Count 64 8 72 
% within Age 88.9% 11.1% 100.0% 
2 Middle aged 
Count 132 29 161 
% within Age 82.0% 18.0% 100.0% 
3 Old 
Count 33 10 43 
% within Age 76.7% 23.3% 100.0% 
Total 
Count 229 47 276 
% within Age 83.0% 17.0% 100.0% 
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Chi-Square Tests 
 Value df Asymp. Sig. 
(2-sided) 
Exact Sig. 
(2-sided) 
Exact Sig. 
(1-sided) 
Pearson Chi-Square 3.075
a
 2 .215 .227  
Likelihood Ratio 3.180 2 .204 .201  
Fisher's Exact Test 3.141   .210  
Linear-by-Linear 
Association 
3.032
b
 1 .082 .102 .053 
N of Valid Cases 276     
 
Chi-Square Tests 
 Point Probability 
Pearson Chi-Square  
Likelihood Ratio  
Fisher's Exact Test  
Linear-by-Linear Association .022
b
 
N of Valid Cases  
 
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 7.32. 
b. The standardized statistic is 1.741. 
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Crosstabs 
Case Processing Summary 
 Cases 
Valid Missing Total 
N Percent N Percent N Percent 
status * leprosy 276 100.0% 0 0.0% 276 100.0% 
 
status * leprosy Crosstabulation 
 Leprosy Total 
1 No 2 Yes 
status 
1 lay 
Count 188 42 230 
% within status 81.7% 18.3% 100.0% 
2 welthy 
Count 41 5 46 
% within status 89.1% 10.9% 100.0% 
Total 
Count 229 47 276 
% within status 83.0% 17.0% 100.0% 
 
Chi-Square Tests 
 Value Df Asymp. Sig. 
(2-sided) 
Exact Sig. (2-
sided) 
Exact Sig. 
(1-sided) 
Pearson Chi-Square 1.482
a
 1 .223 .285 .158 
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Continuity Correction
b
 1.005 1 .316   
Likelihood Ratio 1.625 1 .202 .285 .158 
Fisher's Exact Test    .285 .158 
Linear-by-Linear 
Association 
1.477
c
 1 .224 .285 .158 
N of Valid Cases 276     
 
Chi-Square Tests 
 Point Probability 
Pearson Chi-Square  
Continuity Correction
b
  
Likelihood Ratio  
Fisher's Exact Test  
Linear-by-Linear Association .088
c
 
N of Valid Cases  
 
a. 0 cells (.0%) have expected count less than 5. The minimum expected count is 7.83. 
b. Computed only for a 2x2 table 
c. The standardized statistic is -1.215. 
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LIST OF JOURNAL ABBREVIATIONS  
Am J Dermatopathol    American Journal of Dermatopathology 
 
Am J Epidemiol     American Journal of Epidemiology 
 
Am J Phys Anthropol        American Journal of Physical Anthropology 
Am J Trop Med Hyg  American Journal of Tropical Medicine and    
Hygiene 
Anthropol Sci               Anthropological Science 
Archaeol Sci               Archaeological Science 
Autoimmun Rev      Autoimmunity Reviews 
 
Brit J Dermatol      British Journal of Dermatology 
 
Bull Anglo Isr Archaeol Soc  Bulletin of the Anglo-Israel Archaeological 
Society 
 
Cur Anthropol      Current Anthropology 
 
Human Evol         Human Evolution 
Indian J Pathol Microbiol   Indian Journal of Pathology and Microbiology 
 
Int J Epidemiol      International Journal of Epidemiology 
 
Int J Lepr        International Journal of Leprosy 
 
Int J Lepr Other Mycobact Dis International Journal of Leprosy and Other 
Mycobacterial Diseases 
 
Int J Osteoarchaeol        International Journal of Osteoarchaeology 
J Archaeol Sci      Journal of Archaeological Science 
 
J Autoimmun       Journal of Autoimmunity  
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J Biol Clinic Anthropol       Journal of Biological and Clinical Anthropology 
J Dermatol      Journal of Dermatology 
  
J Forensic Sci         Journal of Forensic Sciences 
J Hist Med Allied Sci    Journal of the History of Medicine and  
 
Lepr Rev        Leprosy Review 
 
Med Hist        Medical History 
 
Medieval Archaeol     Medieval Archaeology 
 
Neurosci Biobehav Rev    Neuroscience and Biobehavioral Reviews 
 
Proc Roy Soc Med     Proceedings of the Royal Society of Medicine 
 
Social Sci J       Social Science Journal 
 
World Archaeol     World Archaeology 
 
Yearbook Phys Anthropol  Yearbook in Physical Anthropology 
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